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ACCURACY PLUS DEPENDABILITY 


Ty’O the watchmaker, accuracy means everything. Without 
it, the finest timepiece becomes a useless ornameat. We 
have borrowed something of the watehmaker’s zeal in giving 
the world an accurate capacitor—designed to operate year in 
and year out with unfailing dependability. 
Cornell-Dubilier types DH and TVC are impregnated and 
filled with non-inflammable Dykanol and hermetically sealed 
in metal containers. The convenient compactness, stable elec- 
trical characteristics and wide capacity range at voltages from 
100 to 1000 volts make these the ideal capacitors for opera- 


tion in conjunction with precision instruments, 


For further details and complete listing of the entire C-D line 
of condensers, write today for Catalog 150 to 1039 Hamilton 
Boulevard, South Plainfield, New Jersey. 


MICA - PAPER - DYKANOL - WET & DRY ELECTROLYTIC CAPACITORS 


World’s Largest & Oldest Exclusive Manufacturer of Capacitors for Every Electrical and Radio Application. 


CORNELL - DUBILL. 


ELECTRIC CORPORATION 
South Plainfield, New Jersey 
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A DECADE of PROGRESS in 


Temperature and Humidity 
Measurement and Control 


By RALPH D. WEBB 


Carbide and Carbon Chemicals Corp., Charleston, West Virginia 


O back ten vears in industrial thermometry and 

specially in industrial temperature control, and 

you find yourself almost in the dark ages of thes 
TUS: Many industries still used old etched-stem ther 
mometers taped to pipe lines; those sporting recording 
thermometers with capillary tubes exposed to the haz 
ards of outdoors were mystified every time a shower 
or even a summer cloud’s shadow—caused what we all 
know today as the tube error; temperature control was 
something that could only be applied to smaller units. 
Yes, good records were sometimes made, but usually if 
you pried the pen-arm loose from the chart so that it 
was more or less free to swing, you found that tempera 
tures were not quite so steady after all. The old mush 
room top type of diaphragm-motor valve was an endless 
source of irritation with its leaky stuffing box, crazy 
operating characteristics and an exasperating habit of 
opening wide when the air pressure failed——a not too 
infrequent occurrence. ‘loday things are different, for 
tremendous advances have been made in all ramifica 
tions of this work. The following briefly covers some 


of these. 


I—TEMPERATURE MEASUREMENT 


Passing by the eteched-stem, or laboratory type ot 
glass thermometer. with due cognizance of its perma 
nent importance, industrial thermometers give evidence 
of progress made these last ten vears, although at the 
beginning of this decade these instruments were well 
developed and offered an acceptable accuracy at rela 
tively low cost. The outstanding advances made have 
had to do with readability: 

The Palmer Co. developed a “red-reading-mercury” ther 
mometer, employing the flat front of the mercury thread as a 
mirror to reflect a red column to the observer’s eye, no mer 
cury being directly visible. Other companies brought out vari 
ous color-contrast mercurial thermometers with lens-front tub 
ing. “Binoe” tubing, introduced by Taylor, further departed 
from the old cylindrical glass stem by using a unique triple 
lens construction, giving a wide-angle reading (readability with 
both eyes) and better illumination of the mercury thread. The 
scientific use of color schemes on the etched metal scales has 
further improved ease and accuracy of reading. Navy influence 
is shown in the plastic cases on small “Submarine Iype” units 

Che bi-metallic type was improved by several com 
panies. Weston, for example, after several decades of 
specializing in electrical indicating instruments, sudden 
lv came out with a scientifically designed “coils-within 
coils” form of bi-metallie element and within the last 
few months have begun to produce industrial models. 
Che manufacturers who supply bi-metallic elements to 
Instrument-makers carried on some important research 
projects and as a result these elements are of a much 
higher grade than they were ten vears ago. 

Che rigid-stem form dial thermometer which Consoli 
dated Asheroft Hancock introduced under the nam 
Any Angle Thermometer” represents a big improve 
ment in dial thermometers. By hinging the case to the 
stem and using two turns of small stainless-steel thermal! 


system capillary about the hinge. a really “Any Angl 


thie rinometer has been race kurthes Hexibility 


achieved by rotating the dial 90 or 180) in the case 
and resetting the pointer 


Dial ty pe thermometers employing pressure spring 


thermal systems are so closely related to the recording 


thermometers of this class that it is unnecessary to make 

a separate listing of their improvements — these being 

reported in the following paragraphs on recorders 
Pressure-spring recording thermometers made great 


strides since 1928, as pr ictically every part. from socket 
to case, has made its contribution, Alloy steels, particu 
larly 18-8 chrome-nickel steel, are being extensively 
used for sockets, partly because of their corrosion. re 
sistance, partly because of strength, but mainly for an 


appare ntly paradoxical reason poor heat transmission 
The heat transmission capacity of these steels is only about 
one twenty-sixth of that of copper, and this property definitely 


reduces the conduction losses from that portion of the socket 


‘ 


enclosing the sensitive portion of the bulb to the end of the 
socket which is subject to ambient temperature effects. ‘The 
strength of steel permits thin walls with safety, thereby partly 
neutralizing the poorer heat transfer to the bulb. The “Thermo 
speed” construction offered by Pavlor is claimed to still further 
Improve the trueness of the bulb temperature by giving mucl 
more metal-to-metal contact between the bulb and socket \ 
small half-sleeve made of thin corrugated aluminum is forced 
into the annular space between the bulb and the socket, givin 
six or eight full-length contacts 

Liquid filled thermal systems came into their own thi 


decade as capillary compensation was virtually pertes 


ed. The small bulb, inherent with this type, is a beauti 


ful solution to the problem of proper bulb immersion 
but previously this same smallness limited the capi 
t t 


lengths because of the volume ratio of « ipill irv to bulb 
By paralleling the capillary for its full length vith another 
identical capillary, ind by connecting each capillary o like 
pressure springs, which in turn drive the recorder pen 
differential linkage, an accurate compensation for capillary and 
“head” or case temperature errors is achieved he koxbor 
“Anti-Ambi” thermometer is built on this) principle nds bya 
proved quite practical from minus 185°F. up to 500°FR., usit 
capillary tubing lengths of 150 feet and vreater. Bristol a 


produces this type of thermometer 


Bristol introduced a compensated gas-filled thermia ystems, 
known as the “Small Bulb,” which uses the second gas-filled 
capillary and spring, connected to the pen-arm through “whithe 
tree” linkage to compensate for case ind tubing temperature 


errors. Bulb sizes are reduced to approximately one-half those 
, 


used in single-capillary thermometers while still retaining equi 


ilent accur icy, ilthough the compens ition 1s not exactly true 
because of the difference in pressures in the paralleling system 
\ thermal system is manufactured by Tagliabue in hich 
in all-stainless-steel mercury filled svstem is con per ited 7 
unbient effects by using a gas-filled capillary alongside f 


primary capillary. The gas-filled tube is connected to a ¢ 


which positions the mercury-ftilled pre ure orir in the re 


corde r case 


\n outstanding advance in the field of comper i tomer 
cury pressure-spring thermal systein is the ‘I \ 
ratus Tubing”: a steel capillary tube ith an extreme 
rately drawn bore having n Invar Ire inserted there | 
expansion coefficients of the two unlike metal 
thre unmnular Space tye een then i¢ ( 
loes mercury. Thi el r ‘ ( re 
pring unaffected by termmperatur ( 
nunimnizing the po Diityv of its bel ( ! ed 
femperature or he ¢ I 











Time Tests All 











How many firms are proud to print beneath their signatures 
“Makers and Dealers for generations of years.” In American 
business, age denotes not only wisdom, and principles of fair 
dealing: it connotes vigor, progress, youth. Julien P. Friez & 
Sons, Inc., of Baltimore, have been making Weather Preci- 
sion Instruments for 62 years. Their contributions to the 
modern art of air-conditioning betoken a vigorous progres 


sive spirit that is well exemplified in their 
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[he vapor-pressure type of thermometer has been im 
eoved bv. refinement of construction. Mason-Neilan 
iim to have overcome one of the big bugaboos of this 


by offering an over-range protector, a much-needed 


Their svstem has i bellows, located in the recorde. Case, 


is normally retained at a constant volume but hich is 
itted to expand should the system pressure become exces 
even to the point of drawing all liquid from the bulb, 
protecting the whole system from further rise In pressure 
\\ en the bulb tempe rature returns to a sate point, the bellows 
foreed back to its original volume and the liquid returns to 
he bulb. This class of the..nometer is now usable for ten 
eratures near ind below itmospheric is it can be n ice with 
e pressure spring ind capillary filled with a iquid ot high 
iline-point, while the bulb only is filled with a lower-boiling 
iquid This prevents the “kick” which is so noticeable in 
conventionally filled svstem as the bulb temperature drops 


that of the capillary ind spring, « wusing the filling liquid 


The general adoption of more flexible pen-arms, giv 
ing a lighter “touch” to the pens, has greatly improved 
the sensitivity of practically all makes. Lighter linkage 
iso has helped in this respect. A refinement in linkage 
ingularity is noted, several companies idhering strictly 
to rectilinear arrangements. This and the use of better 
printed charts on more uniform paper have made for 
higher accuracy of recorded measurements 


} 


Greater durability and greater perman nt accuracy 


ave been built into most thermometers on the market 
day by a fairly general adoption of atomic welding ot 


steel svstems, brazing instead of soft soldering joints 
ver. brass and bronze systems, improved heat 
reating and seasoning of pressure springs, and finally, 
he use of stainless steel for capillary armor 
With the recognition of the need for more accurate 
temperature recording in industry, the electrical resist 
ince thermometer is being more generally used, esp 
ily in the low- and medium-temperature ranges. Per 
haps the improvement in the recorders themselves is re 
sponsible, but with the lower-cost nickel wire bulb and 
the null type recorder, with its non-sparking synchron 
ous motor drive, this type of thermometer is moving for 
ward rapidly. At least six major companies now offer 
this type bulb and recorder, whereas ten years ago only 
one offered | 


had a sparking governor on the motor. 


vw null type recorder, and their recorder 


The pyrometer group has been improved in the same 
ord r as h iS the t le ctrical resistance ty pe. Gri ater stand 
irdization of thermocouples and of lead wire, achieved 
through technological improvements in their manufac 
ture, has likewise improved accuracy and has made it 
possible to replace primary elements or thermocouples 
it any time without reference to individual calibration 
charts. The use of the air cell type of battery in place 
of the dry cell has materially reduced the need of daily 
standardization of those recorders not Incorporating 
tutomatic standardization. 

This type of temperature measurement instrument 
has made the tremendous forward step of incorporating 
electron tubes into the recording mechanism. As used in 
the Leeds & Northrup “Speedomax”, the use of elec 
tron tubes gives a mechanism that travels the whol 
range of the chart in what had been considered an in 


credibly short period of time. Tagliabue brought out a 


self-balancing system using the photoelectric cell, in con 


Junctton with a light beam reflected from a mirror di 
rectly mounted on the galvanometer coil, to control the 
recording mechanism of their potentiometer. Other com 
panies are showing a definite trend toward the use of 
the electron tube which is. in fact. a virtually instan 


taneously operating and frictionless “valve”? or “switch 





Optical and radiation pyrometers have made their big 
gest strides this last decade through the use of the « 
tron tube. Temperature measurement to within 5° 1 n 
the 2.000 I’. ind the 3.000 | range is being ichieved 
by radiation pyrometers and is proving qu satist 


orv because of its low lag characteristi 


II—TEMPERATURE CONTROI 


\ volution is taken plac n temperat a 
in industry sin he first issue of Tnstruments appeares 
Starting with retinements for those processes sa ba 
torily using the off-and-on de of control iS been 
changed and developed vu l ww vg nits 
yur oil cracking: still I na S, WItN Ti r { ! na 
charac ristics ir nye ¢ tro | () | n ti 
1.000 F. rang 

Sselt-operating conti rs i\ dey ) d co 
trol satistactorily in th itmospheric rang ind when 
ised ine the hiahe r ranges, can now }b obtamed with 
re isonably s nall DULDOS, Ss iin SS . eel ( pil rv. \ j 
valve trim that needs no attention for many mitts 
i Stretch 

Th tT ind 1 mtr el vhich is ! 
compan’, is sul ible to 65% ot emperature ntro 
plications, has beet improved in many way | 
provement of thr temp rature mcasurimg ements ) 
ibly constitutes the greatest step, but w 
diverse methods now available for operating tl \ 
without retarding the indieating o1 ording ( 
isms much, if any. Those instrumen emploving 
pressed ur power devices gene rally embody lig 
Happer and nozzle system. ‘Those using electrical op 
tion in conjunction with pressure-spring thermal system 
achieve this low “detent” or retarding effect by position 
ing fingers, as is done by Brown sand by ‘Taylor, to mo 
mercury bottle switches, or through the S rf “ 
friction commutator type of switch sucl YN 
“Rotax In the ps rometer field, particul riyvy wit hie 
galyanome cer tv pre of indicator, we find ag t] 
tron tubs his time acting as an oscillator tul » 
the pointer merely has to carry i ligh a tall Cc Vane 
tween two oscillating “pancake co Try thee ni po 
tentiometer type of indicator controller, we find ‘Taglia 
bue using photoelectric cells which are actuated by 
light beam pointer. 

Pioncered by Foxboro with their Stabilog, which wa 


introduced in the early 1930's, we now tind manv com 


panties producing Lir-Opre rated temperature recorde. 
controllers incorporating adjustable throttling rang 


ind adjustable automatic resets. While both of the 


characteristics were known in other fields of control 


s not until this decade that w 


find them generally available in the temperature contr 


under other names, il 


tield. No longer do Wwe change, id] ist. restrict, ind 
pass the controller and controlled valve as was. nec 
sarv with the old off-and-on controller. Sockets for pro 


tection of the thermal system bulb are now permiss 


because response need not be lightning fast. Control 
valves may bye delibe rately installed oversiz to take car 
of start-up periods and emergencies, whereas ten year 
iwo such a thing led to poor control or made contr 
impossible 

Automatic reset has allowed the use of heretofore 
IOSSID 1 thro Ing ranges made necessary by thre t 
ble throttling g | 
mendous lags inherent in some processes. I ref 
control to the point where tremendous load changes il 


hardly be detected on the temperature record. Ih 


air-operated field, two systems of automat 
used, the one used by Foxboro w cl that rT ne 


opposing bellows connected to each other by a ] ak 
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They Need No Auxiliary Equipment, Are Easy to Install 
and their Simplicity and Rugged Construction 


...enables them to give dependable control where vibration 


and unfavorable conditions might seriously affect the ac- 


curacy of more sensitive and delicate controls. 


There are many places where a Powers self-operating temperature 
regulator will give as good regulation as a more complicated type of 
control, and at a considerably lower cost. 

Whenever you want dependable temperature regulation call in a 
Powers engineer. With avery complete line of both self-operating 
and air-operated controls and over 45 years of experience, we are 
well qualified to help you select the type of control that will give the 
results you want. Phone or write our nearest office. See your phone book. 

THE POWERS REGULATOR CO., 2720 Greenview Avenue, 
CHICAGO—231 East 46th Street, NEW YORK—1808 West 8th 
Street, LOS ANGELES — 195 Spadina Avenue, TORONTO, CANADA. 
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small-bore capillary tubing, and a systel 


bellows or pressure elements are 


mn serving the 


air-filled capillary to slowly drive 


While both 


ystems are affected by temperature, that is, their reac 


tion is Slower when the when it 


in intermediate liquid tilled svs 
purpose as thre 


temperature back to the control poin 


mechanism is cold than 


nore subject 


s hot. the liquid tilled SV stem is distinetly 


fis de viation. 


ions of a highly 


Mechanisms that approximate the ac 


ntelligent operator are made which can be Incorporated 


nto the types of controllers just mentioned. For in 


little 
ture Stabilogw tends to cause the 


stance, the capacity tank in Foxboro’s Tempera 


controlled valve to be 


moved too tar whenever a temp rature change occurs, 


but in a short period this extra bit of movement is taken 


off and the controller then slowly drives the tempera 


ture back to the desired point, the effect of the over 
control being that of putting in or taking out an extra 


for the 
when the temperature 


imount of the fluid under control to compre nsate 
time that 


ctually changed in the unit and when the temperature 


lost between moment 
change reached the primary element of the temperature 
‘Pre act” this 
instruments, like Foxboro’s 
add or increments of the 
controlled fluid depending upon the trend of the 
fact that 


controller. ‘Taylor's has same general 


effect. Additional 


sator.” are used to 


‘Impul 
subtract 
tem 
perature rather than on the it had just de 
parted from the control point. 
Uhe controlled had 


development of temperature control these last few vears 


valve has much to do with the 


Diaphragm motors of power and low hysteresis have 


been developed. More important, though, are the char 
acteristics which have been built into the inner valve 
construction. The wide-range ty pe of valve, which gives 


ipproximately a constant percent in change of flow for 


anv given increment of valve lift. has materially aided 


temperature control. It is now possible t 
so that the 


adjust the con 


troller throttling range unit being controiled 


neither drifts about nor over-controls when the valve 
load changes an almost impossible achievement with 


the older style inner valves 


Possibly the finishing touch to the air-operated tem 


This 


would 


] 
perature controller has been the valve positioner. 


Instrument if it 


absolutely makes the valve 


instrument—-and it must be an 


give proper contro] issu 


proper position for any pressure which might come from 
thie controller prope € This removes thre last de id Spotl 


in our control mechanism. ‘Taylor probably deserves 


credit for first introducing this mechanism, as 
ited in their “Dubl Response” 


mcorpor 


] 


unit, and later in their 


Valv-Precisor.”’ Other companies, Foxboro, Brown. 
Bailey, and Mason-Neilan, have placed on the marke 
this general tvpe of mechanism. 

Controller systems using a combination of the poten 
tliometer type of electrical measurement and the pneu 
matic power device have been made available by several 
companies. The Foxboro Potentiometer Stabilog. incor 
porating the Stabilog control mechanism and a semi 
potentiometer temperature indicator, was the first com 
mercial instrument of this type on the market although 


Luis de Florez dev loped such a controller previous to 
this. The Foxboro instrument uses the chopper bar prin 
ciple to position the flapper of the air-controller mech 
nism and, while the galvanometer deflection governs th 
position of the Happe r, there is no dead spot in this par 
ticular Taylor, and Mason-Neilan 


all offer controllers in which air mechanisms have been 


mechanism. Brown. 


added to regular null type recording potentiometers. In 
the SE slidk 


eases the position of the wire governs. the 





position of ft ir Happ e. mMsequently wo }>} 
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ALNOR Instruments on 


for Industrial Temperatures and Air Velocities 
Products of Nearly 4 Decades’ Experience 


LNOR Indicating Pyrometers, Controllers, Resistance Ther- 

mometers, and Direct Reading Air Velocity Meters are the 
products of 38 years’ experience in manufacturing moderately 
priced quality instruments. 

During the past decade many new instruments have been 
added to the Alnor line. In addition many improvements in the 
entire line have been made to keep abreast of the ever changing 
needs of industry. Some of the later additions include: 

Alnor Electronic Type Pyrometer Controller—A very moder- 
ately priced Controller which operates on the electronic principle 
similar to a radio. It has no motors, no depression bars, no timed 
cycle, no contacts to stick or become inoperative. The temperature 
indicating pointer is free at all times to give continuous indica- 
tion and control. 

“Alnor” Velometer—The all purpose instantaneous direct rend 
ing air velocity meter that has filled so definite a need not only 
in manufacturing precesses, but has proved such a boon to the 
heating, ventilatin™ and air conditioning industry. 

“Alnor” Surface Pyrometers—These are made in a variety of 
Types. Some available with numerous interchangeable thermo- 
couples to serve a variety of applications—flat surfaces, rolls, 
plastics and similar service. 

“Alnor” Resistance Thermometers—Several styles are offered 
for low temperature service from minus 40 F to plus 400 F. 
These are made in both single and multi-point in round, rectaneu- a 
lar, edgewise and portable types. both h'sh 

A completely re-designed line including several new types of 
exhaust pyrometers, single, multi-point and portable for all sizes 
of Diesel and Gas engines as well as several stvles of mounted 
and portable types for general service are also a development of 
the last decade. 

Regardless of whether you need a temperature indicatine in- 
strument, a controller or a velocity meter, it will pay vou to 
investigate what “Alnor” offers. 
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CENCO-McLEOD 


VACUUM GAGES 


94150. GAGE, for vacuum measurements below |.6 mm 
of mercury pressure. Two scales for readings from 0.5 
microns to 200 microns, and from 200 microns to !.6 mm. 
About 10 lbs. of mercury required. Without mercury 

$70.00 


94155. GAGE, for vacuum measurements below | mm of 
mercury pressure. Two scales for read- 
ings from 5x10 mm to 50 microns, and 
from 50 microns to | mm. About 27 Ibs. 
of mercury required. Without mercury 


$110.00 


Cenco Hyvac Oil is the only oil avail- Ayvac OF 
able which permits vacuum pumps to 
give the best performance of which 
they are mechanically capable. Pints [iim 
and quarts are put up in clear bottles 


larger quantities in cans. 
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CENTRAL SCIENTIFIC COMPANY 
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New York + Boston + CHICAGO «+ Toronto + Los Angeles 
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pointer gage emploving a new diaphragm material 


sistant to oil, acid, caustic and heat and having ex 


tional flexibility with greater strength than gold be 
skin and the usual leathers. Thes« 


oO 
gages Teature a 
ple mechanical action in which the weight of the 
phragm is carried by the drive ink, thus prov 
freedom of movement. The restoring force is supp 
by i flat calibrated spring. Total effective diaphra 
irea is 2O in... Zero idjustment IS easily 1cCess 
through the case. Standard ranges are up to 6” of wat 


Suitable stops enable the 


gage to withstand an o 
draft of 40” of water without injury to the diaphrag 

\ line of indicating and recording draft gages us 
slack lea her diaphragms suspended upon two need 
point bearings is made by Defender. Convenient ley 
extend through the case for use in venting the gage 
adjusting the zero setting. The cases are square, W 
one, two or three 12” vertical seales. 

Republic's multiple draft and pressure indicator 
ploys alum-tanned colon leather diaphragms, the cer 
areas of which are held by pairs of aluminum disks « 
suspended in a vertical position by a long, two-p 
pivot bearing through which motion is transmitted to 
pointer. Due to this suspension the diaphragm is 
required to support any load. 

\ line of slack-leather-diaphragm draft and diff 
tial-pressure recorders is now made by Hays in 
different ranges. The Series OH recorders contain | 


supe rsensitive elements in rectangular cases QivINs 


scale range as low is 0 to 0.1” of water. The same sla 
leather diaphragm is ised in. the Havs port ible d 
\ convenient reel for rubber tubing is construc 
in this instrume nt, which can bye pre pared for use ll 


1 | , 
sec., no leveling Deing required. 


Vetallic Diaphragm \ similar type e is manufactured by Ne 


Wag INI ( 6 \ ( XN / t 
for ai t lic ere re eo e | tralre 
Che Paulin Svstem barometer is an excellent example ee ait : he 
precision me tallie diaphragm instrument. It uses diaphragm i So Ae “or : abendiiwe at \ 
ill method: Changes in barometric pressure caust freezing liquid fills the capillary tube betwee ( 
| : the Glhaphragm Case 
pointer to deflect from its zero position, Whereupon , 
» | CSsSl ( CLCTIe ( e¢ ( ( \ 
, i ' 
diaphragm can be brought back to its initial position rom iidinae ede: At nih lod 
turning the knob which both changes the tension of nected to the Bourd tube i dard recor ‘ 
oading spring and rotates the scale Phe svstem is tilled with mi dois so comp 1 ft 
{ . , “J har ro temperature changes | e no effeet on the re ‘ 
lwo new drum-chart aneroid recording barometers 
; ; Deformation of the In due ( I fore ere 
bhodving recent refinements in temperature Compensa ntruodhes Teenie fitio. thi. oiinen ; kx stole r Uae 
rh. St isoned St amless pressure chambe rs. jeweled Ss day vagve is designed for a i , e higl re 4 ‘ ‘ 
wk and a fine-line pen were recently brought out by homogenizer a ugh there should be other applicati f if 
. “ ” +} An example of dressir up hown by UL S.G ei ei 
riez. The “micro barograph” has six models, each with 
; ” ee: mn The square Case gave 1 hich modern weas cor re re 
range of 216” mercury over a 61," scale. The station ies SPE yi. 2 aa aig renga rete ean 
~ s ” a ee 
graph has a glass case, the 415° chart covering a \ multi-contact-1 ing gave for use ’ p 
ge of 3 mercury. ( Vstel indicate ce i redetermined 
: ” TA remote pont has been deve ed by We 1 ‘ iw 
The standard Brown line of 8” and 12” round-chart ne 
JUS rig Corl i¢ Ss \ ‘ ‘ if ! ( 
. ) 
wrders utilize a flexible metal diaphragm for ranges eis ai Wl Bites Ete neg oi 
” P 
) 10 water to 30 lbs. In. clrently risike ( CO ct. } cteristi ‘ f j , ' 
he pressure gages made by Fisher Governor utilize Is sent over the supervisory contr rm V hie ( 
: ong by the momter e ( ( 
mze diaphragm measuring elements for pressures be 
he instrumve 
w 114 Ibs./in. where U-tubes are ordinarily used 
\lovement is of thre “inde pe ndent tVy is Sp citied for ad Bi I'S 
7 al . »1 sf 
oliest eorade Inspector s PQagWes, Phe 21% diameter CASt An outstandir li : n d ae | | 
ibrated for ranges to oo water and U to 20 lias bye nN thie ~ ri LOT I { | \\ na { 
n with a guaranteed wccuracy of s wate appleation as a pressut ! }) 
Rochester Mfg. Co.’s miniature diaphragm gages are s ¥ | } vet : kis 
oned for use in locations subje ct to intense vibration, id iptab » th ' Si : 
diaphragms are backed up by pla s which pro prising tha ' a a ' 
Wn AGAINST overloads several times. the range I In spite \{ nid . } Ww) { ; 
“oy 1] } 5 
we iS } ) it na 
} M SHOW s nt ne ) | 
, ( al ( dIades ] 
‘ entire! pied bv t 13 On I 
| Bo rdon t ibe one ot lhe rte S rorms Of pressure By is x ‘ . _ ] ] 
| las been p shed d 
lements, might be thought to offer littl Oppor bellow tho pred s i “ 
for nnprovement d ring the last ten of its « Qty shown . ’ Hon fi ’ 
: : 
s Tit which has seen its pplication extended to thilityv. for ‘ wid 7 
lv every phase of pressure measurement However. elinpacterichics : 0) 
( ilar ittention leas been paid to thre pe rtection of dese ribed P x ct = j | 
] + 1 ‘ 
n: realization of the di pe nae Nce OF Its behavior low 200 Tbs. in 
, 
the elastic properties of its material has resulted At the present tim ty | 
se of better allovs; its linkage has been improved bie ti Dediners to the wepoaut’ 
. ] . ° 1 
xternal appearances dressed up. naterials in 5 mstruction, So t 
( Dvir range introduced by ¢ onsolid ted Asi rott 11 I Wn ice o torm be OWS ) , . af ] sf 1:4 
ub Val “On solid r of ‘ st : 
ibe machined f1 mn 1d bar I \ ee if +] © bsequent } it n | ] 
steel movement Lhe pointer | n wntegral micro : 
ent for zero adjustment and the uniform expansion oft Opment of sultabi istic properties i\ { n ft 
be permits use of uniformly graduated d Gages il grea It is to be hoped that mor tt \ 
to 1000. Ibs. /in ire also” furnished mio ce drawn to this developmen n - = 
t} iY . yp t .@ . welol 
i Cases 1 order to reduce eleht | | 1t-treat ie otank | mer ; 
l introduced an all-steel gage designed primarily fo : 
" " yl 
re conditions of operation. The tubes are made from a solid LVATLAD Le 
f ov steel, precision-turned and bored, then bent to / Lhe F or iialecges R Gaace. } 
he ends are threaded and the end piece CTeEW eK ) j , : 
x : SOLUTC- pressure recorder tilizes two. ty OW 
sector nad pinion are of forged stee ith the teeth n 
d, hardened and chrome-plated. The bearings re of hard ends ot WwW Cr ie linked OVeuUe! \ i a () 
t es teel and the entire movement is carried by the bellows S eva ited I thi it t } 
rather than by the Case sour of pressure \ riation In atmosp ri 1) 
Nhbore brought out 1 VAL with cl yrnve ! yeh Ww . 
, . ‘ Then set pp eg i Posmyg } “ 
ry nd hardened = stec movement it eadmiunm-} ter ; 
ent plates. They also supply a gage ith the tube ane ind t record is d miiv t t 
rts of heavilv) cadmium) ted ( SO) 
erdur hairspring is utilized. The dial i ble ove Bristo ‘heolute-pressure record 
rle for zero idjustment () ” , | : : 
lgh-precision gave, to be seen on numet eal te e 
es, Is made by Heise Bourdor Luibs borator. sat tr CWO ENXcre , yeT ‘ ‘ 
I id thron hout to pertectior f Ork! I 1}) al ~ ¢ nnected ¢t t 
l i rader to be ( ortte ( + rt ret 
adil Ww ibove LB oft ft ( erie Phi | ; 
43 ! 
ered in 12 d 16” sizes o \ ifie | tie 
lied Lit t nkage t neg 
Bourdon tube e e supplied by M ch fo ry ‘ j D BR re | 
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I - ’ j 1) 
ed ) : | : \n 
1 Ing 1 ( wre 
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a : rx. A series of remote-recording pressure gages introd 
( by Re public tor measuring water heads from 10 to 
ft. utilize metallic bellows with internal spring. M 
MA b f : aT 
ment of the free end of the bellows causes a wipe1 
to slid over a commutator cutting out resistance 
shown in | gf. Zz 
For aircraft se a General lectriec system coml 
. on [p - 


] | 
} 1 bellows, a Variable-resistance unil ind ig ilvanon 
7 : ’ 
te The copper bellows operates a contact sliding over 





resistance un enclosed with it in a we itherproot 
tight n ec cartridge, out of which lead wires 
' : , , : 
brought tor connection to the indicator Fifty mil 
| 
peres are drawn from a 12-volt battery to supply Cl 
, 
to the unbalanced resistance bridge circuit which 
' : ' 
eo signed to compensate tor variations in the battery « 
= I 
An expansive tallic b ws is connected toa S 
‘ transit r rotor \ neans Of a Gear sec y? ind yp 
; 1 4 : 
na remo recording system introduced v Bai 
aes , 
\ speciral-au V gag d Ve ped ror red ding press 
n oil wells with a maximum perinissibt rror ot O 
. , , ’ , 
der servi conditions is shown in fig. 3. Th 
‘ ‘ ’ 17 
; , ‘ n s mg small-dia ter bervilium- 
\ tv d 
[ \ n ns n W i 1rome-vanadl 
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hough not a single type rise of cath a Jo <Z> 
calor ecpembar —-— = fF 
ray oscillography stimulated research and develop AA Ax B 
nt in various torms of piezo lectric, carbon pile or ae | | i. an 
iphite disk) and other elements which instantly con a ( ‘ss Cz) 
rt a pressure change into an electrical effect: and th | | te 
r of such elements in use has been doubling itselt ! | 
y vear for several years || au ase P| | 
! . a f i +—D 2 
| the 
II—_VACUUM MEASUREMENT 
1. MERCURY-IN-GLASS sn | | 
B metric and U-tubi Types 
{ vacuum gage brought out by ‘Tagliabue comprises | D- 0! 
OlLASS tube closed il the uppel end ind con pletely 
1 with mercury when the cistern is at atmospheri |=_ 
ssure. I'wo ranges are available, 0-12” meri ury ind || | I] | 
£U merceury. 
Another Tagliabue mercury-in-glass vacuum gage is e/ Naot 
irranged that in the one leg which would be almost 
? mntal there is a platinum wire. As. the pressure 
inges the mercury rises on the wire and changes th a eae . ; 
stance of its unshorted length. ‘The vacuum is meas pia ee rie ra = 
| by measuring the potential drop across the wire hy ed din isc 
hen a constant current is sent through it coefhiciel I ( 
\ line of vacuum gages for use in the automotive field sh my : : 
been introduced by Stromberg Motoscope. These are 
t U-tube mercury-in glass type mounte d on stands MODIFIED NLT 
isters Tor use an making engine id] stments 
‘ \ ited w nt nt iw 
Con pression-manome ler or McLeod Ty} 1 t at different ra wit lift nly | 
| newer McLeod gages made by Central Scientific perature ind cons quenciy tal 
ture the elimination of all rubber connections; 1 the vacuum. A Wheatstor ig 
ible and interchangeable glass) parts of much lized, two legs of whi standard 
naller dimensions than ordinary and a double range the case and two of which itehed J 1 
rated measuring head of Pyrex glass provided with in glass tubes tn ida 
cury cup tor se iling its ground joint to the rest The indicator SCALE O Utne 
svstem the « Mmpens itor is highly ¢ ited at th ( 
General Electric introduced a MelLeod gage in two rent flows through bo fila nt heatin 
inges, 0-250 microns and 0-2000 microns. Features are When at the same degr Povacul I 
mercury overflow chamber and a heavv-construction compensator tube nat wiations In } 
ndrical steel floor stand . ture to be nullified. Such is the p )) ved 
i vacuum gage developed by General | t st 1 1 
‘Evacuated Bell-float” Type ranges are 0-20 n rons and 0-100 o tho 
(n entire ly new principl 1S employed in the mer speci il indicator can b ipplied for mea \ 
irial vacuum gage brought out in 1933 by John Dubro 0.1 micron 
n. dist nguishing it from the U-tube. barometric and \ similar svste S d mothe \\ o 
pression types although it is akin to all three. It also vacuum gage, the development of w 1 i 
mb] the inverted-bell draft gave type, but with Lockwood I'w WI 102 { n 1 
ied Be se catia Seco : poate aaa? 
sevenawee ce joomee amen > Te CTU a 
LULU — Ss 
meneoanaes  —_.0 GAN = ae TN a LL 
difference that the spac under the bell does not com 
nicate with the vacuum vessel under measurement 
It comprises (see Fig. 5) a glass vess°] 4 partly filled wit] indi na ¢ pel { n 1 W 
reuryv, In which floats tube 2 resting on ho 9 sphere bridge cir t 
| top of B is closed and it is ¢ te ( ( a ( ntinental | ty Ag 
; Sic rye element of the ure ! eling I ice | or typ a ' 
rhe system BC float he hei I] ; di itmospHeric | ssul 1d 
, theretore, 18 ar f the heig f mye Cas a \ ) int rent | 
inside B. Heigl of the absolute pre ire tery flows tla go] ho resista ind t ! 
oe phe gencot i limit, of course, is re ched when / 1 es d whet nd ne ' 
ely filled with mercury as shown in diagram I. This ; , 
xImum h is determined by the constant if the individua sure. This resu S tt ‘ 
trument, as is the maximum value of H with no pressure ir ind cra ped ne hig nd 2 
rin B (see diagram ITI Thus H H Is a functh 1 many i ré rn 
[INSTRUMENTS 








) VAC PRODUCTION a ( eal I ( mae ( oller re Do 
) ling ( res ) he eraving re ( 
\ ! v va Work . hat ee SCATDE - ep} ck t the rimar' yadin pressure ‘ 
‘ nN ! 1 with ‘ nt i\ ing ( f controller is) just | neces 
Luc Via pumps, theretore, though ) team fle nd air flow pens coincide 
' ( ? s ad st l ns Oo out of ne len tl 
f ts t mst nts ) Thae isi prin . eC pr y COL ence, ( 
‘ r f in ¢ miber vit resulting chang 
t | t eS { ad ype befor ; \ 
idl ! | ped lO ressure established | ( rib D>). While the n ter 
yo t = { A ness 1 fi " nis im i V poe sure « r er pre re ] ! ied directly to el 
= ’ ‘ e n ow ’ nly | hy t t ow, thre ressure fro he Dboller meter 1 
: r } } 
nits gned to w k wit! nother “= / =—_- : O Chamber ¢ his provi 
re ( ) ( t ( nee l team pre ure t 
( ‘ combustion efficiency 
> 
[1] AUTOMATIC CONTROI é balay 
Bristol introduced i pilot irrangement which ike 
| ' ' | - 
y i S] ‘ sho ( ius ) . \ 
, i ' : poses no drag upon the Bourdon. It is know1 
uk ie ) : } ow < 
I = , 1GINgs Free Van i thin vane is rotated by the pressur 
j i I st ‘ “ 1 I } 1 
G ) \ ) R ' n t) ween two nozzles which discharge Opposing 
A ’ 7 { i ry it ; i] , " ERS y contr { 4 } } 
4 i | ot an \ secondary pilo valve, controlled throug 
. P liaphragm by 1) ir pressure Db hind the jets, su] 
‘ t i } f 1S ! & ' ] 
A its ! » tt liaphragm-motor valve An adqyus ible b 
{ ot . } , + + j yryterY : 
ip he control pressure line enables the controller 1 
? \ 41.44 
, \ “ - | 
B I idjusted to the process 
’ 4 = t | y ’ } 
ie . 5 Brow ! mdduced for temperature control a 
. : ' . | no \ ‘ ‘ ; : ' 
; - < “ is Air-o- Lin which features independen 
I 
? t ? . Sin +} } 4 1] 1 
= : is ne and mtrolling elements. and recently ad 
Y . ness I ' ee 
) }) SSL mtrol l rT heir controllers ¢ 
. ng ne Hoat { S ntrol if low pressures 
; ail ] ' ' 5 , 
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Vil ) 5 } nt l A 1 1 
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( te. O ft 
ov 0 “ tir iy : - : t on ; | {4 +? hrottling 
| t \ ? t y T) 1 
g ding part is not affected by the air-operated 
nisl 
I { t \\ 
R Pag OT 1 ina yperal Svstems neg 
> | + A > yt | 
st d fe began. In the last decad 
b lon “ ills nted on pended 
tw) B al ) ; = rut a Pram nt minimizing 
. ‘ ) ‘ > i] . 
o n bo 11 nad 0 ng-rang id] st 
, ; | 
i ‘ icf ati pit ft i t ‘ 
’ j ii? y y fl? ? 
Wil rf 1] - 1 to tl q rements of the cont 
’ one , ? —y ? ea 
} ] 1] ] 
i ‘ i i Tavlo ntroduced the ft v-adjustabl | 
™ j 
s _ << : 
DO -—] mtroiler for perature control applications and 
o/. , o * 
‘ | plovea His i \ tuned nechanism in conn 
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¥ 2. HYDRAULIC-RELAY 
? . Aska is de Ip prin ipl is described in Pig 
i 1) re () rf S idapt iwioOnNs pressul conti 
a4 Fey 
~ f+ show? n Fig. 7 
4 
L ecect EE ceo 
h by ADJUSTMEN 
‘ : | | > Pay } 
1 y < —A A OF Ke 
‘4 SLID 
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: | ADJUSTMENT OF | 
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Vv) S | 
, , IPRIN | 
nto ti vert il evlinder of the pilot valve Uh position we - D y? 
ld he: l | a 
ot th pper Dall determines e pressure in the contro aw cK 
; ) vi JEN 
yressul lin nd hens position of the diaphragm | Y F 
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STrRoKe § 
DOS ns of th st ind prevents application of any Fig '. 
+ , +} ? r ] ’ 7 t) | ase 
VaArVilig Lore I . 8 yu ion oon I} is ~ I rrangement tf secure 1 ever movement > 


\ I Paral ( ‘ mment, the \veraging Re wv, serves ill bye detinite function of riable pressure [he \ 
) ract ror re ding pressures cting solution for this problem offers great flexibility in obt Ci 


y ' % , 
re ‘ elenu ! ) ‘ r contro tf pressure itferent pressure-stroke characteristics to match any des 


In Fig. ¢ e “miaste te yressure recorder-controller” sure to move the pistor evlinder C until the spring te! RR 





; az r } t} 1 Ss I ) 
eS ne rorce cre ed by the pre ure \ ch ue if ie rf Progress 


F I irticles., since these svs swe \ 
slider position or of the spring > varies the relation . : 
er , 1 ; leve | yped for con rol oft t nperatur pi P ; 
the graph. By using a cam instead of the lever : : 
/ nv desired relationship between pressure 73 nad than pressure Che writer will dese ® nly wo Tee 
A | | 
S can be obtained; for example, the dotted lin controllers designed specifically for pressut nity 
‘ +} . i] *s | . ir . treo] wetoar : | ms I, j : a 1 y ge 
\nother oll-operatee pressure control system Is) the Simpl one an irelativelV elaborate ome 
\ >t . } . +4 . § s ; Ly : 
\\ A Governor made by Ruths Steam Storage Co. Fig. 8 Meriam brought ou » mereury-in-glas 
wes the svstem irranged to operat isa reduced with tungsten id wires lrustably mounted i 
ssure controller so that electrical contacts nay be compli d La 
1] | »! ] | Y } . 
trically-driven gear pump (1) supplies oil unde  COr termimed maximum and minimum va Ss of p i! 
ssure maintained by reliet valve 2 to the svsten 
: : Sa : é 2 ditferential Third w connection i ti) 
re on the diaphragn (6) causes movement of the double 
] | ur hw 1 4 Crs , : 
plifier valve (8) which controls the oil pressure cury bY means of 1 iron block whi { 
; | i 
une mplifier piston I()) This piston is integr nection between the two manometer legs 
é nlot valve 11) ind compensating pDllot valve Iv - 
e Ma feoul rom by Shallero ' 
11) determines the movement of the P Ch lain Regulator mad y ! wlleross Con 
mMprises a pressure switch of the diaplhy 
eter type, actuated by the pressure to b yt | 
ae . 
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CENCO HIGH VACUUM PUMPS 


Wherever high vacuum is needed, either in laboratory or plant, Cenco 
Vacuum Pumps are remarkable in their economy, as regards both initial 


investment and cost of maintenance. Twenty thousand of them are prov 
ing this every day. 


Faster than any other pumps of corresponding size at pressures below a 


micron, yet reaching lower limiting pressures. . . . Cenco development, 
design, and construction are responsible for both. . . . Cenco Vacuum 


Pumps are the inevitable choice of those who know the facts 


CENCO HYPERVAC 100 
Free air capacity, 960 liters per minute. Guaranteed ultimate vacuum, 0.1 micron of mercury 
pressure. Mounted on base with belt guard and motor for I10 or 220 volt, 60 cycle 


current $880.00 
: CENCO HYPERVAC 20 
Free air capacity, 198 liters per minute. Guaranteed ultimate vacuum, 0.1 micron. Mounted on 


base with motor for 110 or 220 volt, 60 cycle current $300.00 


CENTRAL SCI ENTIFIC COMPANY 


1700 Irving Park Blvd., Chicago, Ill. 79 Amherst St., Boston, Mass. 
cn 
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Send for Special Taylor Catalog 70J—one of the most —™ME-SCHEDULE CONTROLLERS; RE-SET 
: . CONTROLLERS; INDICATING FLOW 


complete books on Flow (and Liquid Level) CONTROLLERS and other types that 


n Catalog 70J 
Instruments ever printed... You really should have this Ta 
Catalog IJ in your file. It is one of | 


\\ HAT rYPE o ruments do if Cl i | s foreme! Phe primal most complete books on flow instrumy 
d for measuring or controll levices of tnese instruments are time ever put out by a manutacturer of 


Vin your plant Is itacor proved in pr neiple and in actual opera struments. (It tells about Tavlor Lic - 

ple matter of indicating tion. The secondary or measuring de- Level Instruments, too). It is so cot 

cording flow of a liquid...a gas ces are standard Taylor Instruments lete that in many cases you can sek 
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A DECADE of PROGRESS in 


Industrial Fluid Metering and 
Automatic Control 


By R. J. S. PIGOTT 
Statf Engineer, Gulf Research & Development Co., Pittsburgh, Pa.; Chairman 
A.S.M.E. Fluid Meter Research Committee since 1916; Vice-President A.S.M.E. 


N thre past ten vears ill forms of fluid measurement! of the three. and wood rs al ) t. pack 
idvanced considerably and their industrial applica of the three ways 
tions multiplied, for two reasons: first. better ippre Che Pittsburgh | quitable piston rand Bow 
on of the dollar value of accurate ly known quantities ise sott packing; th Brod { rss Badger and 
nd rates in all processes beside water supply, power Jassler are capillary packed; the O Mik ind 
id was, where metering was first ippreciated > second, Brodie Model X are rine packed. All a quipped Ww 
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oritice 

In the 


weir, the 


nozzles, plates, Wwelrs, 
oldest of thes« 


primary elet 


t\ pes, ¢ te. 
vices, the 
has not been changed, and the sec 
ary elements are generally the s 
as those used with orifices and ven 
tubes. 
Builders Iron Foundry bro 
out a modified shape of venturi 
contour 


with up-stream 


curve similar to a flow nozzle 


with controlled roughness in the 
ot this de 
was to flatten out the coethcient « 


so the “‘flat 


proach. The purpose 


value for high Reyi 











having 


i he m egu i D through crown gears B ( number flows was brought down 
{a eu | sure ( by iit i sc ites segzme which in turf I es : mn 
( ‘ s ke ( t é b spri Me Ca K. bea he ¢ | G li ich ower range. Phe re Is no 
s / s back s k tft arm G A G per es ¢ f H 
ie : : ~ ; : stronger tendency to move tow 
r tec ) < s. It is ¢ see th s ss . 
5 AK is ne s stroke taken by G reduces t tal t controlled roughness in all the t 
he H base pressut! D read Cam A cut t d 
. Agr In addition, shorter diffusion « 
, a : 
. ire now provided both by Bui 
. ] 
Iron Foundry and STN plex 
{ id S v wear witl \I ( | S ke less space in the lines. but sac 
\ wre Bed { Ww | sig I vy ) sO SO Tt rv Oo: the ‘% locity Ihe id th old 
won } X ! ns LITTUSION ¢ ded a] recover 85 to 8S 
! rftaces ) W il now I I « \ d. ) \ | primary dey CUS 
] " ] 
j iw ( ! ring Ih principal im Ih flow no na | tisk orifi hay g Wl 
! 1d l I ( inlis ‘ ) ed Ct I { nore oF s Ov ! Py ybosabyly lhe first reo i? S 
j tly { + ] rf } ] { 
u ) Ss 0 Css ! I Clipera } how } Wil (rene! | t t Wilo indon i 
i | ti Pittsh rol Kg tab Net r Co I fot t } Vp n tavor I at larg hie id ade 
Ww liv land 2. N pera re corre’ nm ois vears befor ‘ turned ¢ their Howme bus 
] 1 } 
| MLS hat tL ¢€o | by idding to Bail \ 
5 1 ] ] ] r 1 + ‘ 
) " ft ind suitab brid linkage b WW n Ih B \ Nik ( seS Ve ri tubes How n 
3 : 
n ind p ssul nt J sO that i A orinees as primary 
“ ld ved for net effect of te perat ma nts, depending on WwW 
p PA 
} . | American Meter ( produces DAS \ * q \S{) best suited to the sei 
; ve @ y V 
vo nd pressure indexes” typified in Fig. 3. Th QD), be, it is the only company a 
; . ] { 
! ruction ‘ ised ror integration in heir o7 oy B: so, present time that makes 
f se i vo ne element temperatu re sl @Ss, f all three 
: ‘ & s . 
laces th differential ement when ised ror vo n + yy The American Meter ( 
x 4 
} ] uw . ) 
ers ind th helical cams are a differen hap 1@ a ind Bailev Meter Co. brou 
4d C ‘4 ; ° 
S in this case thre v are correcting first-power ef \< ry out wide-range idjusta 
{ ' | . . Sisal { ey ae | ] 
S omstead of square roots uch cams, of course \ J rifices of the Segmental ty 
! »\ 
int cul to vield powers or roots, or any deviation t ror inusually wide fH 
tr i single-power function such as ot e 
, 
ing f coefhicient with Reynolds 
> ] 
ber. or devia mn from Bovle’s iW 
hes W levices illustrat he grow 2 : ites 
1 a 
no ft dency to LPL th charact « PRESSURE RENTIA 
- s -_ s 
= x + 
t flow isure ents so as ) LINVINIIZ TI A By 
ie. || j 
> } yy ] , 1 Ded ¢ 4 x i ‘ Ey @ 38 “olp 4 en 
nu operation, Both include the reg Ciel Gy SQUARE R > SQUARE ROOT, 1) Uy ff f - 
1) foot t { ! te) 1j : Y - Aut bw SCALE - Yir| 4 
4) i ) Tite l T 1} t COTE ¥ 
. » th f a pressure-and-t pera “H | Ne, iw = . ae | 
‘ . 4 At a Se } SS 
yrder is used with th 1 wm , mi key ; Sieg & 
‘ ay er yoy ~ ri 
, ] } mt a RIVE GEAR 7 
( s readings n be checked - ‘ ry & 
, K J 4 G F E dD Cc 8 i 
i substantiated. They d clea . 
7 N X-x 
vork ss rs, and so Ss ar Fig Ame Me Co.’s Me sm. ( t is case he volumeters 
, pee t quantities et . face is cut with increasit centage high 
I ‘ ctiy m 1s ‘ s between {1 and rocker le 
| tvpes o ) ers t c I / n th { rock When the higt cu 
} Site e | 1 ses ¢ r B, through the pen arn ind sl 
] 1a par Faso t FE with ge 1) { e ( with gear G, which will base 
i von \ WO? cha o ci ly pressure correctioft Ss used or on the second element cam inpul ¢ 
: ible <« bx 1 ssure correct ire made the first « 
, 
l ) ) R wts-Cor % essure I cited ft the < is series 1S 
s ri s 1 bas < s 


The former is manually ad 
to GO locked positions ; Bailey's ats 


es. 


equippe d for automatic change 























n desired, involving no manual s 
itions. Another useful addition 
( ompl te low nozzle or orific ae 
” } AR 
for pipe SIZES 214 and smalle = 
vreat advantage is elimination of tocken 8 
or difficult pressure taps. and 
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Synchronous motor driven cam 3855-1 rotates at 2 r.p.m. When roller arm 3851-3, 4, 5 drops ind for distan Mmte gra nl, iT 
he notch in this cam, it drops square root cam 3810-4G downward by gravity past tt { puls ounter is operate 1 { ' " 
3853-3. Intercept pointer 3810-6 is positioned on top of the stop bar, and under the cam sur 
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. j rl ] . 
neither stufing-box nor any metal-to-metal rubbing the National Bureau of Standards directing the exp 
itact, “all motions being elastic deformations. mental program, has culminated in tull report stab] 
Returning to mercurial instruments: Mason Neilan ing orifice coeflicients on a firm basis for all twp 
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@ For shipping departments, Toledo Heavy- 
Duty Floor Scales equipped with Printweigh 
produce indisputably accurate printed- 


weight recorcs. 
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@ In the Campana Company's new plant, glass-lined tanks, each with its own agitator, a 
mounted on a revolving table. At each indexed-position materials are automatically discharge 


into ihe tanks by Toledo Scales equipped with photo-electric cut-offs. A Toledo Master Contr 


Panel controls the entire batching and mixing operation. 
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TOTAL WEIGHT INDEGATOR 
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@ There is wide spread interest in the new Toledo Chronoflo Total @ One of many Toledo installations in filtration plants. Chlorine cy! 
zing Scale. This “‘flow-meter for dry materials,’’ provides highly ac inders are placed on the scale platforms. Graphic-recorders produce 

ate total-weight figures on materials transported on belt-conveyors a continuous record of the discharge of chlorine. 


The past decade has seen sweeping advances in accurate weight-control. Today scales control the 
accuracy of batching, filling, and proportioning; they determine unit count of individual pieces; 
they originate basic accounting-data. Through remote-indication they provide centralized-control. 
Toledo Scales cover the full range of modern weight-control requirements. 


TOLEDO SCALE COMPANY =: Toledo, Ohio 





INS 


( 


RUMENTS 
Vi 


1y 
I 


A DECADE of PROGRESS in 
Weighing and Proportioning 


. ~ ™ e 
F recent years, cost-accountants and plant man of Solid & Granular Materials 
gers have shown an increasing interest in the By M. G. MASTIN 


ccuracy of their plant records, especially in 
1cCurac, I ee , Chief Chemist, Newark (Calif.) Plant 


gard to the flow of their various materials. This in Westvaco Chlorine Products Corp 


ssant demand for better and more accurate means of 


isurement has stimulated a more rapid development 


weighing equipment during the past decade than dur operator can place indentifving records on 4 t 
iny like pr riod in the past. As a result, we now have the time the weight is printed 
ilable i vast array of feeders, weighing conveyors, Remote indicating heads are now ay ible | 
tomatic scales and packaging machines trom which to scales, which can be mounted in an. ofl | nt 
vose a device for almost any weighing purpose. Con the seales. This enables the management to know 
led flow, by weight, and automatic proportioning, stantly and continuously what is going on in t \ 
ve not only in large measure eliminated the human departments where weighing lone. and of 1d 
ment but made possible better products at lower costs to the general accuracy of the figures ob ( 
So many new devices, and improvements on old ones, Batching scales of many types and for nv p 
now on the market that a large book would be re ire now in use. One of the most ingenious d lo) 
yuired to describe them fully. This brief article can cover is the application of the photoelectric cell to w 
ly the most outstanding developments. trol. Seales can now | ought with 
Purely structural improvements are many and varied or the control can be purchased as an att t 
{mong these can be mentioned new illovs for knife edees in\ dial seal Th eve : pinced t \ 
nd other structural features, corrosion-resistant finishes, pointer passes over the predetermined w 
in temperature correction, dust-tight housings, re he beam and a relay is operated cutting off the flow 
placeable knife-edges, speed of weighing, climination of material to the seal or greater accuracy i D 
leveling devices, avoidance of parallax in reading. an¢ is used for complete cut-off first bein | 
improved legibility of figures. ite the “dribble Che ingredients of e | 
The old-fashioned counter scale and platform scale weighed and discharged individually ; or a complet 
ire still largely used, and are reasonably accurate and of as many as twelve ingredients may be accumulated o 
lependable. The graduated beam, however, is fairly dit the seale, thus providing a check on the weig rt t 
ficult to read accurately and unless the Ope rator is alert compl te batch before it is disel irg 1 Lh ipdpocat 
mistakes can easily be made. A number of devices hav mav be arranged so that it is completely continuou nd 
been perfected for attachment to a beam scale, embody automatic, stopping only when the button pushed 
ing a pointer which has a much larger range of travel it can be semi-automatic, the operator pushing a button 
per unit of weight than has the beam. When first intro to start each weighing operation or cv f operation 
duced, one inch of travel per ounce was provided for. Automatic bagging scales of many stvles are availabl 
but the detaand for accuracy has been such that more These may consist of a pivoted hopye which drop 
sensitive readings are now available. The use of this idea slightly when loaded to a predetermined weight. Thi 
if over- and under-weight indication has not been con slight movement actuates devices which cut off the str 
fined, of course, to the above use, as a complete line of of material to the hopper and at the same time discharg 
scales has been devised using this principle. In pred the contents of the hopper to a bag or other contain 
termined weighing, small overweight losses can thus be below. Or the baw itself m iv be the hopper, it being 
liminated and at the same time underweight is insured ried either in a cradle or hung by the mout! ft 
igainst. Still ore ater sensitivity has been obtained by scale. In this case. only One ¢ t-oft ite nN eSSAr\ 
projecting the shadow of a line on a ground glass plate. Thousands of machines using this) princiy fi ; 
By this means a movement of 12” of beam travel can be bags with portland cement, lime, plaster. et ind oO 
magnitied to 4” of pointer shadow) travel. eround products 
lo procure greater readability of the beam seales. This balanced hopper idea has been develop 
manutacturers have developed the type of seale that has Inany special uses. A western manufacturer 
a pointer moving over a chart of figures in such a way machine that fills ninety-two I-lb. coffee cans per 
that the exact weight can be read off at a glance. Seales with an accuracy of 6 oz. per can. The ichin 
for weighing all sorts of specialty products and with two hoppers that fill and discharge alternately. Ea 
many degrees of se nsitivity now employ this scheme. The hopper has its own inlet and discharge gat op 
so-called computing seales belong in this classification by solenoids which in turn are energized throug! 
Dial scales, while older than this decade, were also cury switches. Another manutacturer mak t 
devi loped with the object of better re adability. Of re scales for weighing sugar beets to the cos ter 
cent vears, the manufacturers of dial scales have paid 1 rate of 3000 Ibs. every forty seconds. When the hoy 
increasing attention to the development of great sensi drops, the feed gate is closed. and a tor operate 
tivity in low capacity scales, and ruggedness and accu sliding weight on a secondary beam until t beet 
racy in the huge thirty- and forty-ton truck seales. In were still in the air when the gate clos i yun 
iddition, and still with the object of greater accuracy. inced. This beam then tilts, the motor stops, 
th \ have added the printed weight ticket feature in iry weight is retrac ed. the weight is printed o1 t 
several forms. Either inserted printed forms or strip chart and then added to the previous tota 
charts can be used and, in addition, a selective number discharges its contents and returns to ] , tart 
ing k vboard can. be provided by means of which the mg anew cvcte By the addition of a timing d 





mes ) controlled-weight feeders. One such ing to short belt conveyor on a scale mechanism w 
sc] emplovs a shaft revolving at exactly one revol makes a continuous record of the amount of mat 
tion per minute and carrving wheels with two. four, and passing. One make of weighing feeder is a short. ti 
six contact studs. If the two stud wheel is selected, two belt conveyor carrving a counterbalancing arm on w f# 
mtacts and thus tw lumps of t hopper are obtained i predetermined weight may be set Variations in an 
per nute. ‘I hopper carries a scale beam by means of material carried cause the conveyor to tilt eith 
{f w ha pred rmined amount of material causes the or down, causing a gate to open or close slightly. ros 
pp irop pty nd return to position. The feed idjusting the flow to the required amount | 
gate does 1 yen until the next stud makes contact Several types of weighing convevors (or conye 
Another mdification of the same device produces a ma scales employ the method of weighing the materia 
ne whic weighs a variable flow of material. as tor ried on a belt conveyor In some, the belt passes thro A 
xample, t discharge from a rotary kiln In this case he machine, the carrving run being supports d by tro 
he hopper fills as rapidly as the flow of material per ing rolls mounted on the scale mechanism. In others 
t ntil ict sits predetermined « ipa ity It then machin s itself 1 convevor, a section of the belt 
Q 
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Belou Weighing 
drops, closing the feed gate, and ee oe 
opr rates a counter or records onouw tem with electrical re " 
mote-recording instru 
chart ments (Fairbanks, \r 
Feeders of dry materials, unless Morse & Co.) t 
they employ ictual means bor \\ 
weighing, usually are simply vo 
metric feeders. They therefore de Vu 
pend on constancy of bulk density ny 
for their accuracy. Plate, rotating 
disk. screw. bucket. and belt feec Various ingenious schemes are us 
rs are old and well-known. The for recording the weight of m 
past decade has seen as a new prin rial passing or for controlling a 
cCip thi ipplic ition of t hae vibra amount Ch simpler machine I 
produced by an electromagne dicate the instantaneous load 
t 1 th | I} trough, usually mlv. Others indicate. record. 
! mta s placed under the b integrate At least one machine 
spout ind wit no current th Cc is clude 5 thie speed ot be It trave \ 
! How By vary ng nt Nsily Ol its ecalculat ons, thus overcon 
t rrent or th i un 1 i inv inaecuracies due to voltage 
tl ig e field t 0S vele variations. All these mach \ 
On OF Crh troug with rela vo to great lengths to ay id rr 
» t in spout, the flow of mat vr other damping of their weig }) 
il can b inh\ hing tron i dr DODie TO i’ il] CAapac4ity mechanisms, Sore do this mec han cally ind SOM 
trough. Such feeders work best on dry, granular trically. Perhaps the best effort in this direction is show 
t s that flow withou packing \ recent modifica ah he inventor who mounts a light source near his s« , 
tion of this fe ler receives the material from the troug beam, ind by means otf mirrors projects i black lint 
na Short belt convevor which is carried on a seal dicating per cent of loading, on a seale at one end of 1 
I is only desired to know how much is Howing, th instrument casing. ‘The same machine also records « fed 
scale record gives this information. If constancy of feed tricallv at anv distance. Where a belt conveyor would 1 wid 
s desired, the scale mechanism operates a device which be suitable, because of temp rature or other conditi \ 
mtinually corrects the magnets ntensitv of the vibra pan, apron, ind bucket convevors are used One . 
tory feeder to k » the weight of material on the con machine. for hot or abrasive loose materials, embod t 
vevor belt constant For smalle r flows the tro ih feeds two short. tilted convevors, one ot which feeds the ot C\ 
hopper on a seale, which when filled to a predeter mounted on a seale. When the correct amount of mater Pee 
mined weight euts off the vibrator. An electric timer is carried by the weighing conveyor, the mechanism sto 
gives one, two, or four dumps per minute the feeder convevor, thus shutting off the supply. | Y 
nv of the simple volumetric feeders become weighing weighing convevor continues to run until discharg iT 
conveyors When a similar scheme is adopted, 7.e., deliver when the feeder convevor again starts up. 
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Peat PUPES 
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iles when two or more units are ical met! 
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wal that known and prede termined ity Contro//er many cases this can be done by 
weights of mate rials are discharged : aS weighing, and as aeresult i 
it equal intervals. When this is done, it q inal large number of ingenious de 
is usual for each unit to weigh its charge 7 ta i: | vices have been developed to 
ind close its portion of a circuit as its ’ es [ meet special ne ds. Sor 
hopper or seale beam tilts, or by other | if haint 1 ing of packages — by 
suitable means; no unit discharging until | | weight is now common 
ill have thus made the proper sig | | place. Such machines 
nal, when all discharge together. easily detect the absence 
An obvious advantage of such a of a single unit in a 
system is that a given mixture will shipping carton, for « 





ilw ivS be exactly proportioned, bye imple, and automatical 
use should the supply of any in v push nderweight 
gredient give out, the unit supply irton to on de for 
ing that material will fail to oper inspection. Classifvirg 
e and will prevent all the others ind conne¢ Y Is { 
from discharging their content un nes iS dor ther 
| the deficieney is made up. val chines. The weight per square foo 
lights or alarms notify the © orator which material is or thickness of such materials as paper, roofing, fel 
king. Such systems include apparatus for the cor tread, and auto top material is checked ntin voal 
nuous recording and totalizing of the flows of the recorded bv other , ne Phis done w 
eral ingredients so that a complete record is available terial is in motion and without cutting sto for samp 
for the accounting department. ii te Balived that ane of princip Sa) ' 
When flows of solids must bi adj isted and propor success of manv of th wdern de es fo} weig@hit 
tioned to a liquid flow, the solution of the problem is ind proporti ming of solid materials: it i 
mnewhat different. One successful system employs i the enormous amount of studv which is | n 
Venturi tube or an orifice in the main fluid line. Varia the properties of the materials to be handled. H 
ms of flow produce variations in liquid level in float a ee oo a | i flew 
pipes connected to the pressure taps. Suitable floats op fires lar materials usually flow ' — 
ite an electrical transmitter which sends out time sig classify with consequent. \ eee lensit 
nals and thus the flow of solids is proportional to the other properties. Finely d led sul sa 
flow of Huids. Seve ral solid feeders m 1\ bye opr rated by irch a bins and Hood yy flow kk WW 
me fluid flow, and in addition, suitabl pumps can idd aerated. Some materials pack readily nd 
fluid reagents simultaneously. The amount of material oe ie ae ae Ss eo oe oe ee Paced 
ted by each feeder can be idjusted individually through cleaniv. Dustv materials. a ee eee 
wide ranges and as desired terials, corrosive materials—all must be handled. weighed 
Another scheme uses a displacement meter for meas proportioned accurately. Until a substan 
ring the main fluid flow. An electrical contact in’ the dled” successfully it) cannot be weighed 
neter register closes a circuit each time « definite quan with automatic equipment ; ind aliost every app! 
itv of fluid has been passed, operating a suitable dry presents different problems, each of which 
teeder for a definite time interval through time di lay solved before success is attained. Great cred d | 
relav. In this manner predetermined amounts of solids individuals and tirms whose inventive genius and 4 
ire fed proportionally to a fluid flow of constant or tence have given us so many useful types of equipn 
varying rate. These systems are made to indicate and and it is hoped that our progress along these lin \ 
record totals when desired. be as great in the future as it lia een in past 











Sensitive and Ultra-Sensitive In- 
dicating Instruments. D.C. Moving 
Coil . . . . A.C., the Repulsion 


Type. 


Specify Triplett for the finest, 
most up-to-date instruments in ap- 
pearance, performance and econ- 


omy. 


Triplett Instruments 
Are Noted For— 


Highest Quality 
|. Bar Bridge Construction. 


2. Magnet Pole Pieces Are Continuous 
—Gauged to Precision Accuracy. 


3. Fewer Magnetic Parts . . . . Greater 
Initial and Lasting Accuracy. 


4. Fully Aged to Relieve Strains and Un 
necessary Adjustments. 


5. Unsurpassed for Ruggedness and 
Wearing Qualities. 


Lowest Cost 


|. Recognized in Industry for Greatest 
Value in Instruments. 


2. Produced on Quantity Production 
Basis. 


3. Manufactured by 
W orkers. 


Highly Skilled 


Other sizes and models in both 
metal and molded cases, portables 
and front of board .... All 
Standard Ranges Also full 
line Radio Test Equipment. 
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ELECTRICAL 


INS ERUMEN TS 


l \ 


AVAILABLE with FRONT 
or REAR ILLUMINATION 





M | 42¢ instrument witt Front 
| nation attachment A beautitul new 
desiqn M suNting screws oncealed 
Mode! 52! Mode! 321-3; Model 221-2') 
5° Round design for flush mounting. Als¢ 
available in projection mounting and with 


mirror scale and knite edge pointer 


Twin Instrument i x¢ lusive Triplett Design 
Two separate instruments in a single case 


3 novements Furnished in any combina 


tion of A.C. or D.C 


TWIN INSTRUMENT 
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321 Harmon 


Ler 


y ad * | 
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MODEL 326-A 
Model 326-A--3" instrument. A 
new design For projection mounting 


where necessary to conserve space 





MODEL 521 








MODEL 227 


Model 327-3 


nstrument for flush mounti 


Electrical Instrument Company 
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A DECADE of PROGRESS in 
Electrical Instrumentation 


By E. S. LINCOLN 


Consulting Electrical Engineer, New York 


ORE than twenty-three hundred new instrumen unknown reason, s n ves in \ ‘ {te i 
7 és been made Considerabl worl ; usa Db ! ( ( il ( 
[ tation de vices Were de scribe d in the Ne W In : 2 ; ; . ih 
tion with standard ce ind se ono il ‘ 
struments columns of Instruments since the superior to those p LOUSIN ed \ eC romete 
rst issue. Of this number, more than fourteen hundred known as the “Standard Cell Comparator” desiened fe 
ire electrical. Obviously il would be difficult to review the inter-comparison. of unsaturated { ade 1} 
; . votentiomet built in connecti { tivat ( 
them all, even if space pe rmitted. However. the majority sh , : esu 
7 5 temperature iInequalitle of the e.m.t if commer 
if new mstruments and accessories are not those used nella : 
the measurement of electrical magnitudes but for \ study showed that the relatively ree re ‘ ‘ 
inv other measurements, using electricity as a means pots previously used by the Bure ere aihnatiel 
: maintaining the necessary | peratut 
\Vioreover, instruments which a few vears ago were con ial peg aL en ite y ter € 
; cell is thre relatively thi ( T inl ‘ 
fined to the laboratory, in the hands of scientists, are Bakelite Sepaget 
. J NV ' Cais aol ri¢ ct 
now in every-day use in plants. Examples are the gal Phe Diesni had yen le hisiearp a Fon RRU acre oats, 
inometer, potentiometer, Wheatstone bridge and their pensation investigations in) connection ted milli 
tultiform industrial adaptations, Let us start with a aes UNMET! a of vort-millivortmeter Mech perror 
- tive function of Oltmeter rot iwoltmeter ci¢ re s 
road survey, by analyzing the totals of the instruments, “oF Reaaeseng: 
. . . ( Or } Ul , Te | qaone dl ( nl ClO t] I Lyle elt 
ontrols. ind ACCESSOLTIES de scribed in “Ne W Instrume nts ine '! tual indueto | ( ener theorer { 
n each vear of the last decade. eficiency | e been derived dl wir correctne erifie 
the construction of n inductor by the Bure 
Outside of electronic ipplic itions., no new tundamental 
, principles have been used. but 9 the potentiometer and 
; Wheatstone bridge principles have been ut zed as meth 
[wentyv-eight new electrical devices and instruments ; ; 
: é ods of precise Control Improvements mm ALLOWS i\ pro 
n 1928; two hundred and fifteen in 1937: this is im ' F hebtex spn ee ag hield 
duced betters ngs, magnetic steels, fans hie le te 
portant. One-third electrical in 1928; two-thirds cle lie. ait eel } , 
. \« Other Hnateriats such is pl istics ind nor i! i 
trical in 1937: this is not only important but highly sig 1] bcs : 
: A : have made possible a better finished instrument, inc 


nificant. Truly, the electrical instrument manufacturing lial 
: ing reliabilitv. enduranee and accuracy 


ndustry has been increasingly active! ‘Truly, there is a 


definite trend toward electrifying the instrumentation of LABORATORY STANDARDS 
industries ! 
Phe sO called iboratory or second r\ mstrume! 
Juring tl é a ( t thr yreat wi 
During the last decade we have lost three great lead have underwonc a few vefinements. increasine thei 


ers } ) P » basic ‘TrTIC rul t nau r 
who pl neered the basie electrical instrument indus itv to maintain correct calibration, Spring fatig 


ry of America: Professor William H. Bristol in 1930: | ~~ ee ey ae } 
i been reduced and zero stability has been )) ed 
Dr. Edward Weston in 1936 and Professor Elih 
Chomson in 1937. Most electrical instruments in use to PORTABLE INSTRUMENTS 
dav embodv results of their basie inventions or develop a mor 
. . All lines of portable ammeters, voltmeters and wat 


nents of fundamental principles. . 
meters have inde rgone refinements tor greater accur 





t js itt y or ‘ t Oo : ( t "1 ; , . 
I quite fitting, before attempting a review of the und ruggedness. The tendency has been to decrease ¢ 
! 
ind ai . 3 , . } lg 
ndustrial instrument developments, to pay a tribute also size of these instruments and also to increase the num 
} } > } t ar 4] 1 
o the living scientists, of whom those at the National ber of ranges in the more common. type of amn 
s : ; 
res ( wt. . , . | . iY 
Bureau of Standards do much toward better measure ind voltmeters. In some instances, a VD AATD s fitteen 
’ ] : ] } ; 
ents ‘ ) ) ‘ rt \ activi yt 
Ne! [ shall mention only a few of the activities ¢ ranges are combined in one = instrumen New insti 
Bureau during the past decade aT | ] } 
= ‘ } ments have been de veloped ror measuring exty Vv low 
For some time the Bureau has had under construction values of both current and voltage to meet the demand 
roe oly lect re »t This ( ) 1) oO rylet } ma 1 } . 
) I ute electromete! This has no Tee COTM LETTE. ‘ tT investigators In all branches of the elect na 
ecurate lternatine current voltage measurements may be | | I , , 
ater 'S ’ ; nanyvy other madustries his tas ed ) yy} nsit 
de up th 275 kv. So far this electrometer has been used 
? 1 e a1) y y ’ | ] ‘4 
1000 k to check the correctness of practi methods gel Vpes ol nlieroa ers and yt 
ly used for precise measurements of high voltage Phe now common everyday instru nt W ‘ 
result have been gratifving ind have checked I re igo tft VY were consider d q Spe | 
ndredths of 1% his device is the orld’s larges Precise =e ] 
aa . . port ipl ‘ ar rodvnamot! et T ! { 
solute electrometer. 
Ons itt | +] 
Vhe Bureau has also extended its 1 nge tor the testing t Con d rable : n on ; , : 
rrent transformers to a maximum of 12.001 ump The aT ind ow I pric range 
ect of current transtormer ratio and })! se angle difference Both the thermocouple rmsty nent ind t ) 
een Turtle studied, together ith variations of the posi thre copper oxide rectifier have me cle nd 
ion of the primary return lead and variations of the primary 
rent from the sine Wave form The results of his vy CUF ACY ind rams for measurements 0! s! ! , 


ve heer published by the Bureau or low-voltage Aa-¢ circuits. With the « pper xvid 


Phe Bureau has also developed i special potentiometer Tor fier a delicate permanent-magnet moving co 
ie direct indication of small temperature differences mav be used on a-c. circuits for meas 

fhe Bureau is doing some extensive research work in cor on , 

ection with resistance standards and has developed 1 me small values not possible on other type ‘a 
form which has maintained its exact value after shipment to bination requires extre! ely low curre 
ther national laboratories. Previous resistances have, for son from the circuit under test and is ay 











| WESTON oa 


| = y PHOTOMETRY 
_*Photronic Equipment... agatns v RESEARCH 


a VY CONTROL 
Vitis, Cell--The basi 





your own 
photoelectric needs 


i 


ment behind WeEstoNn Photroni 
equipmen . . simple, stable, dry 
type cell apid in response . 





generating sufficient energy to oper 


ate relays direct 





Sensitive Relays — Positiv: 


operation on values down to 2 mi 


i 


HETHER your needs arise in the field of 


croamperes or 14 millivolt... “off photometry, of modern industrial con- 


on” and indicating types, designed trol, or in some special field where light 
especially for Photronic - powered must be converted to an electrical response, it 
will pay you to check with WESTON 


Thanks to the WESTON Photronic Cell, illu- 
mination levels have become understandable to 


equipment. Companion Power Re 





lays permit control of major cir 


cuits 


the public, and light beams have become service 


High-Sensitivity Instruments able to industry. Today, this same cell is the 


—A complete line of DC panel in 
struments and portables, calibrated tronic-powered units for measurement and con 


basic element for an increasing number of Pho- 


in microamperes or comparable trol...units engineered by WESTON to expand the 


units... fox accurate measurement rractical usefulness of the photoelectric effect. 


in Photron : uits. ¢ 
' ee Perhaps one of the standard Photronic cell- 


and-relay combinations can provide a simple and 
direct answer to your particular problem. Or per 


industrial Control Equipment haps some individual assembly of relays or in 


=F * o1 . > ‘ Pn . ? . > . 
Light source, Photronic Cell and struments designed specifically for Photronic 

Relay P combinations for ] 

Relay Pane circuits holds the key. 

counting, timing, ana general in 


In any event, the same WESTON engineers who 
have brought the usefulness of Photronic equip 


j 


dustrial control. Will operate 
on’ relays at sp¢eds up to 500 light 


beam interruptions a minute. ment to its present point are still at your service. 





Their counsel may bring to light new possibili 
ties; it may keep you from duplicating old errors. 


. . in -¢ lex if there is ; tote 
illumination Meters and Simple or complex, if there is a photoelectric 





Controliers—Foot-candle me solution to the problem you have in mind, 
ters the standard instruments WESTON can he Ip you solve it. Weston Electrical 
for illumination level tests in ia- Instrument Corporation, 591 Frelinghuysen Ave- 
dustry and the home. Special high nue, Newark, New Je rsey. 
sensitivity instruments for photo- 
metric research . Photronic 
Controllers which turn lights on sionaetipha A registered : ademarh de ignat 

4 P ng the photoelectric cells and photoe ectric 
nd off at c rmunes els. ; ; , 
and off at predct ined levels devices manufactured exclusively by the 


Weston Electrical Instrument Corporation. 


fen Potentiometer 
and Control Unit—The latest 
step in high-speed, high-sensitivity 
control... provides positive opera- 


tion of recorders and relay controls. 
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s oO ti 1 ov \ Ss ates 
ri) 0.5 to 0.20 ill imMiperes I ) wit n 2% W 
Due to the increased use of condensers, espe ) s 300 per ) t SSO >n 1 t 
radio 1. “capacity meters” have 1 1 consid ndicat n 
ittention ind are now aval ible ! i o ssort hare ma 
nt of ranges. The “Megger” capacity n sa fair] Insti ; c ited d \ 
nt t ypu nt per ntting measuren t ) id } ty ( ‘\ t . 
) ill x te rnal SOUTCE ot current lls nsti I f t | t KI WI } | 
ng entirely self-contained, as is the well-known Meg ind i\ nection so arranged t 
yer used for resistance measurements plugged nto the « t directly 
Several new types ot “Megewers ind megohmmeters moved wh reading ive | n tak 
\ ippeared, ill of which show a trend toward con 
} 1 s\VWV 1 ¢ IBOARD NSTRUM™M id | 
yactness in size and lightness in weight. and ranges have 
been considerably extended. Thess tvpes of imstruments Switchboard instruments hay ree ved t 
thus cover practically the entire range of resistance improvements in accuracy and 1 thilitv w 
isurements required by the electrical industry deneyv tor sn alle SIZES Ss existing \ nd ad 
Of new instrument developments, undoubtedly the so ingular indicators measuring 3 vallable 
illed foet-candle or light meter has been most univer for either flush or surface mountii Ammet tain 
sally used. It consists of a photoc lectric cell mounted in ing three si parate movements have been combined n 
combination with a sensitive magnetic moving-coil milli case so as tO save space \ number of swit board in 
voltmeter. It is used for determining the amount of light struments have been provided with contacts for alari 
ivailable. The voltage produced by the cell is directly purpose, especially in connection with overload d 
proportional to the amount of light that shines on the ele 
surtace The millivoltmeter has its seale calibrated to Phi practh ally niversal Is I leetric clock 
read in light values or intensities for proper re ading. made it necess irv for public utilities to maintain ar \ 
Electrostatic voltmeters have undergone improvements ict frequency upon their systems. This in Mm he a 
ind have also been reduced in size. ‘These instruments for frequency meters of high accuracy and also wit! 
ire independent ot frequency, wave form and tempera longer scales which Tet be ¢ isily re id from ad iT} 
ture and mav be used on either a-c. or d-c. circuits. The lo meet this demand, switchboard frequency met nas 
small sizes have a 3.1) 3” dial and may be used for meas been developed with a full-scale reading of one cy 
urements up to 3500 volts. , having the basic fixed frequency value placed 
] } } ; } 
Phe vacuum-tube voltmeter has made its appearance scale. Such instruments give a large deflection 
It is self-calibrating and _ its stability in giving accurate the freq ania Increases or decreases a f CO 
re idings 1S issured It Is de signed for measuring low a ee from normal 
ind d-c. pr ak voltages without consuming current. For RECORDIN NSTRUMEN TES 
measuring potentials in radio- and audio Trequency cir Recording or graph instrument { ty 
its this voltmeter ay ay used. It is id ipted ror meas have scen manv wnprovements an refine en bett 
urements where the high-resistanece moving-coil instru pens for n iking a smoother « irt. largen ind po 
ments would introduce distortion. ib] mastruments ha in ( olyt \ ! 
\ high volt Wwe, high Preque ney voltmet FP Of tne Lp reat those previo isly ed Ih | echron 
tance potentiom ter tv pe has been developed. having i Xtens vely 0 repla Spring -wounad ! { 
direct-reading scale over a Treque nev range of 20 to LOO spring-wound movement ire now t \ nad 
K ind calibrated from 10 to 50 kv. Recorde rs nay ilso { obta ned “\ h tw | ! 
For checking connections of polyphas reuits fon for making simultaneous readings of 
Ors, Ye lay s, ete., where the phase rela moor the cir three cir { 
Cu must Lye known, port ible phase Indic tors I ive by a N WwW tvp Oot reco) ler I) i})}) | \ 
Ley loped, Phese instruments are convenient for use by ire ised for electrical measures t 
rvice departments neter and the combined trequenes nd | 
Self-contained portabl testing sets have received con nstrument Phis inst nt con I “ 
iderable ittention and have been well reivd by industry shows both tl 1} q nev ol { ri t 
Inasmuch as thev save a great deal of time and mav | ited error betw nm svstel | nad 1 
Oy rated by those not thoroughly familiar wilh compli Records of >} eds Valse nn ide W 
cated instrument connections, A good example is in the the conventional magneto and rding { { 
Industrial Analyzer” which is a combination of severa tance between the two being of tle Cor 
small size indicating instruments all contained in om Phe photoelecti ell has | n applied t | 
CASE tor making comple l¢ measurements on powe Py mstrun Hts In stl I mstru thi ! 
its. With these sets. the operator may determine. thi ises a light beam for a pointer and theret t " 
total load of a circuit and measure its component am ment can be made ghter and less rugg no 
peres, volts, watts and power factor. All internal conne¢ Instrument more sensitiy Phe nm hanisin of nist 
tions between the various instruments are provided in ment is capable of exerting any necessa 
the set, which greatly reduces the time and thought re power for recording or controlling purposes witl 
quire d in making instrument connections. Similar sets inv wav burdening the measuring elemer N ! ‘ 
containing miniature instruments have been used exten iow delicate the sensitive moving elemen Phen iT 
sively in the radio field for testing tubes. ete. Combina ite a powert contro f desired. Ih 
tions of this type are complete with properly marked nent th oht be is reflected fron n 
binding posts for external connections, together with th element and the motion of this light bea followed 
necessary switches and controlling rheostats. For the iy and recorded by a photoelects cell Femme) 
utomotive industry a test set has been developed which the tangible pointer is then clamped for an instant, and 
simultaneously tests all three cells of the ordinary. six while clamped, depressed against a type ribbon below 




















ROLLER-SMITH 


makes switchboards of a// kinds for a// purposes 
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which travels a paper chart upon which is left an im ible for general us on of these being 
int when the ribbon is struck by depressing tl fe omnster 
‘inter. This is a radical departure from present prac W! not a direct-reading measuring it nt, a 
bigey ind may hye ised tO measure Lemp ratures, spe ds, eV iC has Dee Wey med for d ting t >} The 
yressures, etc. nagniet ieria ! ishestoas, Glass, s ind. i na I 
Recording mstruments have been made iwallable in similar materials and measuring tl . 
Hush types tor panel mounting \ new m ire Zing devic Was | mn Ge med for 
+p ( ney OOLS ind i i | parts 1 KIN t poss 
METERS ] | } 
O LOCALE q 1h¢ ne < iCKS vr ling ( KS nal i 
\\ ittho r meters have received their Shar Ot prove rendering he VISTbDIe “ nm ft \ imne rw 
nts for accuracy and ruggedness and have reached a seen. Another device. known as. thi Maenetie Th 
oh state of pe rrection in recent years Ch SO-¢ tilled 1 IS sed fo } Kine ti DlLVSTe propert 
plug-in detachable or socket CV ype has made its ippear nal historv and ch CH MmAlIVsSes OF rele if 
ince. Waking it possibli to quickly remove a meter tron ind of parts. Coils car ced fo ted ¢t 
Service tor test purposes ind rt p! ict it with another nun r ot turns 1 in Vds na ! 
without making the usual connections. Demand attac [It is now possible t sure tl rrents } | 
nets have been ipplied to watthour meters to show the \ itning iri ‘ S st lJ nt | | 
iximum demand that has oceurred on the svstem = in have been produced for carrving o n t t 
which the meter is connected. Watthour meters have this phenomenon, Par of th quip 
eon provided with indicating attachments tor determin y called lightning rit rest t \‘\ 
ng the maximum kw. demand of the circuit for a definite ittached tran , tow k 
; : 
riod. Such indicators when reset destroy any record neasure high-ftrequeney rent, together wit 
mr ruture comparison, Lo ottsc Thus condit on. sever il 1t\ {itl 1g . ! ) j ! ! 
ters have been developed in which a record is retained nent of tl convention types 1 
ind ivailable tor ftuture reference. Watthour meters possibl to ft Whia rine t t 1 
ive been combined also with recording wattmeters, and harge circuit 
is combination gives a chart reeord of the kilowa Resistar bridge mo} { | 
uur constant, together with the load on the svstem and form. weighing t ; ! | 
time in which changes take plac nents are well adapted for \ nt 
to meet the demands of some public luilities having S1cle | laboratory | Vota »a rT 
somewhat complicated Structures, thre Ky i Demand ile sed Lo easy nts > ft OOO) 
Meter has been developed. One such meter records cight \ Marve nn nbhey | spe | mstrun nt 1} ! 1 
different factors relating to the circuit upon which it is eloped for the radio industry but space does not 
mnected, including both the kva. and kw. demands, the 1 review her 
MAX TUN kw. demand and thre power factor at he time VOLTAGE REGI \TORS 
of the demand, the time that the demand occurred, th 
| l t Cctromagnet y ! } vo iv 0 ) 
reactive component demand, the energy component i : ; : 
— } 3 : seen manv refinements and several new ypes i\ t ! 
kilowatt-hours and also reactive component im reactive : ; 
1 } rr ' . devi loped Hloweve r. th greatest 1dvance iro I 
kilovolt-ampere-hours Io sav the least. this is a com : 
} 2 standopint Of simplicity ind sensitivity 1 Deel 
prehensive mstrument ‘ > 
; : : tained with the clectronic re@ulator. ‘This d 
For metering and controlling domestic loads. includ 
. a ; : ordinary vacuum tub iS 1 ontrolimg ad I 
ing off-peak water heating, a watthour meter combined . : 
} ) Lorne rator \ rit ror | < \t thie ‘ ry) | 
with a time switch has been made available. During cer - 11 , 
| , iwav with all magnet mntrolling d oe ore t \ 
iin pre-determined periods the time switch disconnects "hs 
heir various mechanisms I} field cur I I 
« water heater. } 
ne cite is supplic {1 by a reetifi w hii t t 
lime switches combined with watthour meters are used 
, : . . : rea itor 
ilso to shift the reading from the regular dial to an aux 
] ESS on Ip | 
iliary dial where two rates are in effect during ditferent VCC ORY JUIPMENT 
hours of the day. It is now possible to measure, with a lo keep) pac with the refinements. of 
much higher degree of accuracy, kilowatt-hours ina much has been accomplished through t] proven 
SINT self-contain d meter, using a sing } on i ot ICCESSOL\ equipment ( rrent md pote ! 
j ‘ } 11 ’ 
hree-phase four-wire system by using three current coils formers having smaller phase angle and 1 rro ‘ 
ind two pote ntial coils. in increase in the number of ranges and 
ind less Wwelgit it notre ible I} split 
RESEARCHL INSTRUMENTS type of combin d ammete} nd trans! le 
R — | " " 
tesearch workers and laboratory workers now have current readings much simpler where tl 
it their command a large number of scientific instru be disconnected 
ments and special instruments. Refinements have been 
TELEMETERING AND TOTALIZING SYSTEMS 
made in capacitance and conductance bridges with which ; ae a es : Rinse een ; 
precise measurements may be quickly made for capa Few of these were described in the new) luct d 
ance and powe r tactor oft dit leetric S }) irtment ot this n iwaZin ) ot inh yt } 
Phi potentiometer, which until recently has been con for that matter—because concise description 
sidered l highly specialized laboratory mstrument, has systems are SUA ly Wnpract ibli HI rweve I) 
re | " és . a hl . j ] } +} ] . | } 4 
gone through many refinements. These refinements have did have be nique adistinetion of publishing 
simplified their ope ration by reducing the ammount oft d scriptions yf thes new ele etering ind } ’ 
switching necessary. Standard cells have ilso been self svVstems | refer OF Course to th madbook 
contained or have been placed within thre Mstrument Borden ind Behar Ss} tic il \ 0 el ) 1) 
proper ind ACCUrACIES have been somewhat inert ised cl ipters | cl tering ind Lota n | 
} Instruments for the measurement of m ignetic properties luded so recently that they still nm t ! leg 
have received conside rable attention ind are now avail review of a dee ice Tt progres in t it 1 
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A DECADE of PROGRESS in 
Machine Shop and Inspection 
Instrumentation 


Q)itt } ! nts ind Miernh 
working tool hand im hand, hay Deen : - : : z : 
nig age ee nap omens meio By ROBERT W. CARSON 
1) sion a tact “a 1+ has so Consultant on precision elastic elements, Little Falls, N. J 
i 1 to improving performance andr 
| f f products. Automobil radios. refrig scope available for many uses \ protractor eve ples 
; nd " 7 -athoer machine ide products at for example, has a vernier reading direc tly to three min 
id \ it p S iat would | i. iny mes es OF arc. Sper il optical systems provide in ere; 
t \ } , 1) S54) dey Pe leve Op 1 durine nage With natura direction ot motion; precision stag 
— : : screws read directly to O.OOOL”, 
cil _ a we a See nee ee Where observation on a screen is more convenient o7 
where magnified profile s are to be compared with draw 


i th cam-shatt imsp ction machine devel yped Ly . 
ngs, the tool make rs microscope iS x7 adily converted 


l 


to a projection magnifier by means of a suitable ligh 


lord engineers, or the Abbott proftilograp! 


rit dad to myer ball be ining life by disclosing charac ‘ 
: yuurce and special lenses; or specially designed proper 
stics of finely finished surfaces; or new Jig boring ma aby ae : 
| : +] tors are ivailable, such as those of Bausch & Loml 
mes with nicrometer muicroscopes that split tenths ;. . 
, \ recent development by Leitz simplifies magnified 
with greater case ind accuracy than thousandths were : : 
: . ; % comparison by permitting the use of a natural size mas 
neasured with the machines of 1927 . , : é 
er part as a standard, ¢ lininating large scale drawings 
Phese are spectacular, but other precision vices of 
pe ; PReCcisit devir Inspection of a new part and comparison with its st ind 
] re ol rh 5 | ‘ { -} ¢ ‘ or e t , 
nore common use have perhaps had even more direct ird thus can be made at onee, work and standard bei 
influence ino modern productio yoplishments n ; 
rod production accomplishmen Hand nagnified together. By operating convenient knurled 
: ee Se ve : ] < ee - 
nicrom ! Witt rat | faced invViIls ind pindles, uch SCTeEWS. ome contour can bye shifted in relation to the 
s those made bv Starrett. greatly increase the li 
i Te nade by Sta t, greatly ime i the life and other for more precise determination of differences. 
a ee ae , ” hy recisctine aioe er vail 
pro le accuracy DY resisting wea nder constan Optical comparators for gaging thickness or diameters 
Lt es deral Starret | *-s of greater | 
j \ ca j riil ind irre t dial Indic itors of grea at quantity produced parts have hot only made possible 
n wily. Ss dier construction and ionger accuracy lite new standards of precision, hut have also reduced th 
\ Cu thre mst ¢ production nspection oO nite 
we ft producti Ins} ' fim ost of inspecting, sorting or selection of parts made 
phanmnatia-mastc. 2 = i a Lal ; : 
hangeable pa Built like a watch with Jeweled mov ordinarv or fine tolerances. Most of these instruments 
; ; 
MecIisIoON§ ¢ i wo irs rts tlre Ist l SS ¢ | > rl 
| mn sear ind pa ’ ruin rt combine mechanical and optical magnification, and for 
| S TE tors 16 rere ace } TT ‘ then with . 
! nae iu ised by combining them wit! in indication provide i spot of light on a transluscen 
? foes. ike aoe de eterinies — hail » tham _— , 
produ jigs or fixtures, or by building them in na screen. The Microlux comparator using this. principh 
P , s for checkine ¢ yrovress of machining Vil } } - ] 
POT ‘ K = | ot 4 PAC TITANS, st liscloses differences as small as 0.00005” rapidly il 
. ’ rinair nerations ] 
my ‘ na vo} i nt with no dependen ( m the operator s sense of fee] 
Other i hand tools and instruments have aided For conventional vO ind no go inspection, th 
taining I ics | precision im inportant dimen Klectro-( OMpAar BQage takes all strain from the operaton 

& Ss. protractors, insid tlipers, gent v the use of three colored lights: red for undersize 

vont vy | eht gages ind ot r show ou yreen TOr OVECTSIZ mda ow ( lioht ror correct’ size Any 
Ley ped or improved during past lesired toleran ranges between 0.000.057” and 0.010” 
1: ndispensabl n ng lerances that in be obtained with a positive response to witl 
i sta t gear-too ! r calip fo 0.00002 without nent effort . interpretation 
| 1) ’ 1) ne ott vy th perator 
1 1 ld 1 t kines I g rt { v r 4 Anot le re ! developmen tf particular issistan 
\1 | r too + Dies } 1) y}y] l I 1 thre ( ncreo I ! il fin +f Ss o1s thre COMpParison cr 
) ne doveta ( ( ream tools 1) \“ tak [wo } ‘ » bye compared and fort 
' |. sid a . ano side-bv-sid mages within a single field. Thus, finish 
1 too ' | pros ee en ee ss if Surfaces, contours, sti ture of textiles or pap 
nad tit prin . | } 4 ee ind fractures or flaws can be accurately compared 
: 2P i \ ! ( i l > ° | 
{ } Johansson precision gag blocks at today commor 
ne ry i ll a \ \ new Coats Cs r con ~ 
ipment ry good too! shop: ter “cs ago th 
} q pmer my ey \ ( OO. SHOP, en vears ago hey 
wider range Ww 1 rapid opera yn 11 , | : 
ve) vA ible to only i few Wit improved ind Owe 
LD pments in optical measuring methods h d : , | ) 
= Os meth ds ol proaucinge Wage D1OC ks, they have 1) 
| rere 7 yy Thy, , by] to yrdinary si ) , , 1 1. 
v } \ 1 ad yh v ra iccepted basis for tool lav out and 
1 
’ mots ? ~ 1) ~ ) t ) ‘ye ) 

i in roscop }) il ¢ parato spection work wher the highest degree of precisiol 
rit wait i ters, precision projection nachines + necessary Accessories available now greatly extend 
na ptica nica nagnitving instruments, provid heir usefulness in ordinary precision shop measurements 

) K nachin operators ind mspectors with For still vreater precision in determining size. flatness 

! to rolling dimensions ) I nes greater ind parallelism the Van Keuren micrometer combines 

; 1,] rt | rn ; 

\ was possible only a few vears ago. Sp i precision screw and the interference fringe method of 

\ lesig 1 for shop st i new Gaertner line 1 letermining contact with the work. Interference bands 

cro r slides is fully-eneclosed st bodies and a provide sufficient sensitivity that readings mav be dupli 
variety of interchangeat recessories Iaking one micro ited within 0.000,01” 
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Photoelectric and optical methods combined have aided 


isuring the condition of sharp edges. Optical mag 


ition and electron-tube amplifiers have been com 
d in this development to provide a degree of sensi 
ty not obtainable from either method alone. 
From improved hand micrometers to completely auto 
ce inspection machines, the developments of the past 
vears in measuring dimensions have had a_ large 
in the accomplishments of modern precision pro 
on methods. But there have also been several new 
thods of measuring small dimensions using the electri 
ind electronic principles. The bridge-type clectric 
photoe leetric micro comparators and the electronic 
-ometer have extended the field of precision measur 
nt Dy the application ot equipment not ay tilabl a 
Wo vears ago. 
Phickness of non-conducting films or surtaces (such 
paint, vitreous ename] or oxide coatings on ron and 
parts can be read directly without damaging or 
netrating the surface, using the surface finish as an 
gap and the steel sheet as an armature for an electro 
t in the a 


rao 


e head. In General Electric equip 


. | 
nt designated for this service, variations in fil 


m thick 
re shown directly on an indicating instrument. 
Bridue type measuring devices deve loped by Crt Tit ral 
ric for comparative measurements combine extreme 
sitivity and rapid indication for inspection of finished 
. his new typ of instrument is fundament lly i 


by which an electric current is controlled or mod 


ceording to the relative position of two of its 
s. The relationship between current and displace 
con rolled ly 1 simple \\ hie itstome bridoe wit! 

f iron-core reactors. In two of the arms of each 

ir ur gaps; in one re ctor Thre gaps ar nxXe' 
displacement being measured is arranged 


ur gaps m the other core. When an alternat 


g rent of proper frequency is applied across tl 
lve, a sensitive a-c. instrument across the other two 
is indicate inv increase or decrease in either a 


Phe value of this method lies in its speed and me 
il simplicity, and in its extreme sensitivity \ 

nter deflection of 1” for a displacement of 0.0001” 

idily obtained. 

Other new methods of e:‘reme sensitivity mplor 
‘onic means of indicating instant of contact between 
cision micrometer serew and the work. With suit 

CLroni¢ unplifving circuits, this tv pe ot micron 
in be made. sensitive to displacements is small 
millionth of an inch. ‘To eliminate the effect of 

trostat ittraction, measurements are made with a 

roscopically sharp point. While not as readily adapt 

continuous or rapid inspection as some other 
ethods, the electronic micrometer is particularly useful 
ikKing measurements where contact pressure must 
voided. It has, for example, been used extensively 
nspecting springs for deflection rate, in) measuring 
drift in springs and metal bellows, in determining 


+ } 
iS constants, thermal coefticients bimetal sensitivity 


d other effects of small magnituce Eprror’s Nort 


Mr. Carson lias pioneered in this work 
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Test the OMETER WAY—Today’s Metho 








OLD TEST METHODS << *\ =~ 
Slow, Uncertain 


Not Reproducible 





LAUNDER-OMET 


For laboratory washing For accelerated labora- For accelerated labors, 
tests on small textile tory weathering tests on tory fastness to light tes! 
samples to determine small samples of paints, on small samples of t 
fading, shrinking, stain- lacquers, plastics, as- tiles, dyestuffs, ink: 
ing and wear due to laun- phalts, weather-proof paper, containers, @: 
dering; also detergent wire, tarpaulins and colors, rubber and ma 
and dry cleaning tests. other outdoor products. other materials. 
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A DECADE of PROGRESS 


ysical and Chemical Testing 


nN 


By H. D. CHURCHILI 


Associate Professor of Mechanics, Case 


T y baw my } 
VERY great river starts as a small.brookk i 
its source, accumulating volume ind importance 


from its many tributaries until it becomes the 


ghty stream with possibilities of usefulness . . ind 


danger. So it is with physical and chemical 
trom a small beginning it has now becom i mighty 
ream, constantly enlarged by in infinite number of 
ributaries, capable of good or evil depending upon its 


Not so manv vears ago testing was contined ilmost 


xclusively to structural elements. Today few materials 


ind products escape physical or chemica tests d ring 


nd after production or manufacture. In the last decade 


expansion in testing has been enormous, so that 


} 


relv to tabulate the materials tested and the test pro 


qaures would fill a large volume Phe re h is be en a con 


nuous inflow of new materials which hav: req lired new 
ts or new test procedure. New uses for materials, and 


| 
“ concepts of the conditions unde r which mat 


erials 

rk. have both required new or modified tests. [he 
} 

viding line between new tests or test prog dure ind 


] 
w applications or vari itions of old methods o esting 


t it is almost an impossibility » diffe 
ntiate between the two. We therefore shall point out 
nly i few of the many changes that have iken place 
th past decade and atte mpt to show what trends m i\ 
expe ted in the future. 
Determining the suitability of a material for use under 
specific conditions probably OCCUPIES the largest par 


| 


if the attention of those interested in testin 
nprovement of machines and instruments in this fiel 
is of major importance. Among the oldest tests in this 
itegory are those made on the universal testing machin 


ension and compre ssion 


UNIVERSAL TESTING MACHINES 


n this field, the progress in the last decade has prob 
ibly been more in refinement of design rather than in 
new ide iS. Howe Ver. the new de id we jolt testing ma 
line of 100,000 Ibs. capacity designed and built for th 
Bureau of Standards is an outstanding example of an 
ld idea built into a modern machine. Ten cast iron disks. 
1 we ighing 10.000 lbs.. are so arranged that they may 
laced one after the other on the specimen held by 
framework of the machine 


| 


Che greater use of the hydraulic testing machine has 
n one of the noteworthy developments of tl 
ind many refinements have been made, especially im the 
ecording devices, the most recent being the m w Tat 
Emery dial as introduced by the Baldwin-Southwark 


{ \ . 1 
rporation 


FORSION TESTING MACHINES 


The LIS¢ of the 


Emery hydraulic capsule marked an 
dvance in the construction of torsion 

which had long continued to be made on 
plying lever system or the pendulum system. In the last 
lecade the Emmons Torsion Machine and the Sauveur 


lorsion Machine have been introduced Che latter is of 


lé 


aaa ; . 
sell indicating pe ndulum ty pe with some refinements 


Sc hool 


ot 


Applic d Science 


In changes and grips 
ip ty OOO 7 iX 
venient for nt ) 
HARDNESS STIN( 
Here is a field in which w 
iny one type of test and as 
changes. Based on the Brin 
he re h ive app Are d Sc \ i ) 
several portable testers t 
tor determinin lardn S I ! 
sible to bring the sp n 
thev fall outside of th ist d 
Vickers hardnes . nd t 
ness tester in thi l \N } rs 
ment has been larg this } 
of thi preome } ) 
whil h Herbert ic k 
he materia nd rano 
During t last \ “ 
ion ot R eh ( dl t } 
Monotron and the Rockw } 
il] rT “ ich t nd i nd k 
may It i d ) ng 
yy \ ( 
/ With t ne} 
with demands for roter par 
greater importance is being atta 
secondary stresses and bratio 
to determine the action of mat 
have been developed The id tl 
ind time-consuming. ‘To 
~ several high speed tatig 
been produced, among them th 


and most recent the DeForest hig 
machine which, in addition to the 
frequency 100-300 evel pe 
Venrence I sing sped n wl } 
achined Phe Spec nN \ rat d 
S pported it the tw nodes, in 
The vad 5 ippl | i th end of t 
romagnets, exe lb iiternatn 
[in pac SEY l in ! pype 
mn t Ss en ng \ 
pac t ting hin d \ }) Ul 
nal R t or Its ndica I 
entirely different resul nder imp 
t hut yt \ k " 
in | prono d on it tilit in tt 
(no ro nt in ( yn t 
Impact testing VI which 
tor a yy Tac n t testing field. S 
' side fiber ch ; 
| rit r n ) 
erefor tudving the 
treatmen i ! n niti 
Vibration—The internal damping 
iterials is often I npo in 
nay been t d ) ! ! h } 


Cleve l ind, Ohio 











| pp "ertz Damping Pester being rie ot those magnet inalysis ot th sample; an ipparatus wi! 


! | 1 in tl ist decad "| i d of ting is just tests electrical sheet steel for core loss 
n it niar nd no doub mw next ten vears will see Many of the defects of glass are visible flaws; ot] 
ist improve nf inn hods and in interpretation of such as invisible strains” often are detrimental. N 
‘ _— = Ons polariscopes have ippr ired. designed to detect th 
1 1 | ] ] 
() rf t ivnamic testers is the oscillator tvpe. strains qualita ivelv: the General Electric riass St 
] } ] 
produc iobrations i i structure thereby per \nalvzer was recently developed to give directional 
ting it iiled studies of various parts under Various quan tative is well is qualitative indications 
] ma pit des Uh great developments in radio in the last dec 
have led to the production of many instruments for t 
SPECIAI ESTING MACHINES i : 
Ing’ in this particular field 
i, 4 + + ? y ’ ; 
Gg ) stin rizic 1! > W ( med , , 1 
: In the electr il field in general, there have been n 
sts I th is ten \ irs tha We 1 , 
} ! ! j 
\ : cit velopm« nts, too many in fact to Ist hem all he 
i t at | ‘ mong the st 1 n s tl ' 
\I I : I ds & Northrup fiat recently introduced a new 
) si itt Stey SE f yy seep 8 : I 
2 ion resistance test set. a modified Schering brid 
; ] ] ] 
| dl oW DV <¢ npmg ) end of ft . 
‘ Por measurements of speci inductive ( 1pPAciey 
na wnge as a cant \ rs i VIS i +4 5 , 
power tactors of dielectrics, and an ipparatus ror pow 
t v ids and ing ot bend Anothe) P " | { A 5 
T fac Y I surements V tn plas de fe COMpens 
! (; ! K |e ric S Si 1) ban il devi , | P 
: Md tor high-voltage production tests of power cab 
5 { t ness of co . + cit " | | | } | 
~ V also brought out in 1928 the phototube type sph 
{ j ? ryt 1 r \ i men) é ; 
1 ») . ) ved bv me 
ho ! r whicl 1] nated the personal lement w 
nS 1 fiy ~1) i ng 7 SI) 4 ‘ 1 } ] 
i ne ) parisons t WW ! ( 1a ps and a stand 
} . ; ]  ¢ j 
my 
+ ] ‘ | + 
s NG A‘ IN AUN IAl ~ ()y ft } ) standing’ d ‘ ments has beer 
; 11 : } 
] ; { | ; , , 1) } } j ithode-ra\ s( lograph Although his is discusse 1 
" mother irticle in this SSL it nus be mentiones I 
roy - na : cen ) ‘A | ly de 10 l 1 l : entioned 
> , , 5 testing instrun ! . se in the testing Id is 
lvaeters | abl x vreat d ee fs i i ng i n | ! \ ng field | 
| : thas nts and ee — beginning but it appears to have many possibilities 
| ne r | ; ; ling asic ind | { , ons wit | it is d Tet las St a no iLteCnNtION paid a) 
ffeets of noise on the human race then ever before i 
| t 1 f kine tl Pee mses a to nos n our every dav life are just beg 
g , , 
" _ ning tot 1. Manv cities ar CaAMpalgning ror 
! \ led and tl Was rt hye Ww . 
, ) 1u mom nowe: rchitects, engineers and manut 
\ re-Petrenko Proving Ring. Though fir “ 
] . n ten \ , vo, it : lin 4] i eee turers are collaborating im proy ding quieter homes, 
y . 2 ] fees nad ft Cor 5. 3 ntihe s tol I h nanv yp 
\ ee ae | , f | ted nceountered i re Study of noise depends upon 
= ] 
, , . : { ra surement and there have been d ) 
}) I Ma ! ! o In nts , 
A 1 A for th purpos several sound meters. General El 
i IIs end ! ial 11 \ a }) 
Whitt General Radio and other firms recently produced sour 
nm 1 , . ‘ itt re Strain gage. th Vv } 
i] | \! ‘ ) vei 1 ters Tor the quantitative me isurement of ) 
TD ntensometer, th Kenyvon-Burus- Young 
' ind the analysis of th icoustic spectrum of sounds 
nter r for s tn il ting | Eripolites sheet 
t Ktenso r. tl Carty dy | . r. the Whitt [| porapoe naustrv. ipidly ccomMing st indardiz 
, ' ie | . } 
flexuy pint strain gag } Puckerma yt ' from raw materiais » tinished prod icts, has many ( 
train gag nad nv othe | dex wed to t ne dey s which belong exclusively to that industry at 
, 
{ lefo tions \ ) } ) i¢ ry \ ind col Wil hea Ley loped s d nands tor nore unio. 
niently ured quality hav grown. Arthur B. Green brought out 
In tl field of automatic quipment the Southwark stutomatic and a laboratory slowness test ipparatus 1 
hey stress-sty , ord has been deve ped to a freeness and consistency t 1 stock, and a Standat 
, | 
ig t ‘ t pertection Sheet Mold. R. Fuess Inc introduced many new instr 
nents for testing paper especially newsprint imon 
SPECIAL INDUSTRIAL TESTS : 
the Bekk Smoothness and Porosity Tester. a pap 


i seratch tester for determining 


I sts conducted ina ] ot out ind stries nor lo time ipra \ constituents in paper Ihe Chwing A lhe rt Ih 
n - ] oe ~ ] ] 
nd spa perl tL complet survey of the field. We strument Co. introduced an electro-hvdeaulic tensile and 
1] } ; i ] , ‘ ’ 
ill hay o rest content with a few mentions. elongation ster and the Elmendorf Tecaring ‘Tester. 
| -° ] ; 1 
Che industrial use of the X-1 Ly has developed rapidly basis weight scale and manv other special instruments 
+} ; + i] ] 
" < } ‘ re SO " S ( 7 | st 
1S} 1 of welds, ca Che oil industry is another which has many tests pec 
nes ti now | s bee i 0 Nis ib ie S ] 8 
vy econ be ime Chis subject i iar to itself. To name only a few of the tests made w 
red it lai t] Al : 
) ( IA SDee i | t Ml SsSut reco? 1 . . 
] ia ( in LIS W ( rd le might list. spe cit oray itv. ¢ ylor viscosity. carbon res 
+] — ' t { a" +} _ i 
portan ct e use ¢ ! t , ] 
: }? lat with the u of Noray equipment due. flash, emulsification, sulphur, corrosion, vapor 
rtain established t of testing elir te 
i ‘ ypes ol Ing can liminated pressure, penetration ind loss on heating. Manv of t 
iltogether } } 
sss instruments for these tests have been introduced in 1 
( ner ] } ect } is Trt ntly (it ) ad yum! r of 
i i } ct A | \ pe l 1 number I cent vears. 
; . 
testing devices for applications met with in the electrical Pp 
1 | ] } Hvydrogen-ion concentration measurements are par 
nanutacturing mdustries in electrical mmstrument tor . : 
irly Import int in some industries. I eeds & Northruy 
indi iting 1} stiicon content of sample strips of mag . | 
' ] | ; Central Scientific and other companies developed po 
netic shee ste si: 4a wet tensile strength testing machine ‘ 
bois . table and other industrial (rather than “laboratory 
for testing saturated papers: a gum tape testing ma 


‘ torms of instruments Tor measuring pH and oxidatio 

line; a tear testing machine for varnish cloth and paper be? 
: ° net yt Cl S | 

redau ion potential mtinued on pag 


wh 4 DECADE of PROGRESS in INDUSTRIAL 


> ot! ° 
ar xX-ra In spe °tT10n 
et thi THOUGH most of the fundamentals of X-rays y S Cc C 
s St) ind X-ray equipment have been known for vears,. 
al \ ] < . ] . +} ' , ‘ . 
i 384 I t r s | ? > > 
nal a is only in the last ten or twelve year Me By CHARLES S. BARRETI 
' idiography has come into its own as a fully a¢ 
1 { thod r testing. In the metallurgical ti ld it Member of Statf, Metals Research Laboratory, and Lecturer in 
¢ ) { I ho 0 tcst vv. Urb CLAaALIUPLICa if ‘ { 
aeca i acai : Metallurgy, Carnegie Institute of Technol wv. Pittsburgh, Pa 
or te ral aece pl Ince was close ly relate d to thre ce Ve lop 
rf high pressure steam power plants ind oil re 
noma ng equipment, manutacturers and users of this equip . 
| ; }? ) rea t Od wid 
hey t demanded thoroughgoing inspection, especially of 
} s work whet DOYrTADLIIE S firs requ " ? mi 
lew istings and welds. X-ray inspection proved per ’ | : 
: ; for mspecting s too < penetrat \ 
brid tly suited to the demands from the very start. and : S . 
| : thus n Ys Dp ntine ray ' | 
\ I my th A.S.M.E. Boiler ¢ ode Committe wrote radio }>} Fe i 
j ; -: ul int } . j a A-ray t lesign . Fon nad 
pow roihie Inspection ruies mto thelr Codes tor lhe con 
. nent sin th ri\ Wivs ) t rs 
nsat tion of power boiler drums, untired pressure vessels, ae 
ly] = ] for +] _ | _ : | — | Wh it ‘ \ { SW ) 
cab] i pressure vessels Oo} Ihe pe roreud maus ry i} | 
' was req 1 ) t t t ) | 
sph iu yf N wigation ind Steamboat Pnspe ion, and ! > 
, | s re j 
w! U.S. Navv.as well as various foreign agencies also - 
: ; ' ' ntroad mn t t t ( 
inda van writing specifications that included radiographi , 
1 1 1 1 . y e was t i j ) { 
pection. There can be little doubt that this officia 5 
; ; vears <1 f se} fir dt ved , 
n ¢t onition of the method has been one of th principa ipl 
} | X ray Stl nye i 
sed tors con ributing tO thre rapid nerease In th number I 
1 1 1 1 I t | ret 1\ }) j \ 
i hie tustrial mst illations of N-ravs. for when the boiler . 
, ; , ng ! t rye { ) 
is ] le Was idopted in 1930 there was only one X-ray unit ire 
P : “at ities rt ney ~ 
s th suintry devoted to weld Inspection, While TW ; S x 
] , vanced tube ae rns | 1 ( 1 ‘ 
ot iter there were 11, four vears later 24, and eee ss 


irs later 80 in use for this purpose. Wid idop 


eo f the method tor weld Inspection went side by side 
] ; ‘ way ) n stene bore t 
for increased application in the foundry, and a great : 
! ] ne th Huorescmeg W { i ] 
ufia ety of miscellaneous pple itions were found. A par : . ' 
‘ ore Sel if 1 I 
R00 st of these uses might be of interest to the re ider j 
Wducing lke new \ 
) 1 i hips bol ) ( ) y 
] 1 ( dill l WOOLLCT l y YY eth t to vow \ \ 
moat ‘ ( ( ure Tanks ( ub }? eller 
] } Sul 1 Ocal ( Hower el re ( In I I \ ! \ 1 { , 
Cd Td y ] 
: elaed beams mn bridge s and turntables, and reintoreed have ®) oau 1 sey rei new ch ory 1 | 
rete st ctures; petroleum refining equipment; steel cables ¢ to commercial work. as w is new ad 
Una I { ines: welds: soldered and b ed ints 
p resea} oe oo ' Dos $y | 
Ww ad ne tive re ttc pari 1¢ ae ¢ l ’ ' 
r ‘ nd i interr embeddec { ! tion is eee }? sea 
: ding shells nad fuses electrically sal HOUSING vil { 
11Z : . { {} t 
; X-ravs are also used for such miscellaneous purposes silat dari da litt 
CS ’ ws yy + « tty t S ry { 
fitting shoes, detecting fraudulent paintings. Inspect Om) lit : 
in . . " ‘3 1] ; } } 
ort ) ! ada } “ 
{ ng fruit for signs of damage from frost. inspe¢ tine golt portal In 1 I 
bor : aw ; nolvbdet } ret ’ j ‘ 
' s and automobile tires for their internal structure eo < ; 
{ +h ather metals as target \ 
id tor detecting foreign particles in packaged foods. with ocn oy sibel 
to ] } | 
hile { . : . | 1¢ riv help vork 1 
lar While the 1 idiographic applications ire more widely 
5 nown than other X-ray methods, a full classification 
uuld also include X-ray diffraction. by which the in 
my : e ; 
' rat wom and electronic structure Ol solids. liquids 
y. 
} 
+ ind gases is being revealed, X-ray therapy that is so 
if "9 
In portan in the medical field, and X-ray irradiation 
vad ] . 
ind plants \pplications in all of these fields have grown 
, 
‘ n number during the last decad 
nt Coincident with the expanding use of X-ravs in indus ; 
try there have been satisfying developments in) X-ray 
( a se . 
quipment design. The 1920's saw 300-kv. radiographi 
“ . ] : 
nstallations take their place beside thre 2OO-K\ ind 
eS s 
250-kv. units, and now there are quite a number of 
1 ' 
hKOO-KV. units. Nor has this increase in operating voltage 
een at the expense of portability of flexibility. for even 
re . ‘ és » 7 
hOO0-ky. outfits are made to be moved around in the field 
} : ’ ; 
n the Inspection, tor example, of welded joints In pen 
e| t 3 ae ’ , 
z stocks fon lara dams. E.quipme nt ror phy sies research 
I] ind for medical purposes has gone to still higher voltages. 
()? vy Be *) . . 
lumerous outfits ope rating in the range thove 600-ky 
1 . } . 
During the last deeade the art of radiographic m 
a? ’ 


spection by gamma rays from radioactive materials has 


been developed and has now become in important sup 








B & L LARGE PHOTOMICROGRAPHIC EQUIPMENT FO! 
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) ] 1 ] 
e Photomicrogt Equipment offers the greatest convenience and adaptability for 
, , | | ] " “17 , 
k in a wide variety of fields. It may be used for vertical or horizontal work and 
pee at . . ] oe 
mec [| source, Microscope and Came l 
| ; 
S sin 1T\ \ SaT1LITy i accuracy he yperacot}l il rodi e De | noromicro- 
ae 
eC cil C \ \ l C LC SpeCCa 
] ] x , , 1] i Pe " abel ] 1] 
j De WS draw al d a all metal Dac k with eversible Su] rt for plate holder 
al j ios 
f special des s mounted on same bed as microscope te insuring pr 
| 
m« etw hts ea microscop« 
| ] 
s des ynodate practically any tvpe of microscope. An extension 
1 ] > . 4 
mits focusing from back of camera. With B & L Micro Tessar Lens or anas 
R » p | | 
) h ens, the GBVP Photomicrograph Equi ment mav be used for gross 
| ) < i 
, 
forma vrite for B& L Catalog E-21. Baus «~ Lomb O Co St 
Ne York 


FOR = A DECADE of PROGRESS in 
EE | aboratory Instruments and Apparatus 


By ARTHUR SCHRODER 


Evanston, Illinois 


XCEPTIONAL activity in the laboratory appa ing material, hay een d 1) | \ 
ratus industry sprang from the business depression ind cold localities static discharge dey 3. su is a con 
Practically every industry today controls its prod uiner of a radioactive mineral. are used. T) id 
ts through its own testing laboratories or those of its nicrochemical nalysis is Made the a conditioned 
w-imnate rial supplie rs. As profits declined ind COMP stant-ten peracuy ind constan humidity 
n grew keener, laboratories were required to find with only reflected dithused mht ai | 
yper raw materials and improve products; in thi ictual necessity. 
verish rush to beat the other fellow to the market they 1 | er understanding oft { 
lemanded time-saving apparatus and . the laboratory chromium plating has virtually minated 
paratus industry developed more new instruments dur chromium-plated weights du » hv 
g this last decade than in any previous quarter-century tion under the knob j [mprovement 
BALANCES nology have removed the quondam object 
Efforts were directed to developing balances retaining in weight of lacquered brass weigh { { 
vious. st indards ot ICCULrACY while deer ising thre variation Mos Ol ! icq read W mtit ! 
equir d for making an accurate weighing. Th inuta Ww] National B s | 
n weight type markedly improved by direct-gear irds lit t | humidity fT ‘, 
lrives on the chain-elevating mechanism, giving smooth. has | n shown to | itist ! it ‘ 
ve motion free from back-lash—has found a real below one gra his has owed an app 
in routine analysis. Some of these have a rotating tion in StS OF Many . ; r WwW vit ‘e) 
4 ech makes the position of the chain more readily ohts hay t ( Vailal it { | 
1) nt not { ' ‘ 
\\ u ne ha been S] led }) 11LSO \ i ! da (J W > 





\ ped LIANCES Ot hes h aas | { | 
t ro) j +} } _, if 
Into prominence nm th i tory W i | ( ; ' 
I ‘ 
} 
n ype is preferred To nor pr S inAly 
I 


r the popularity they nyov 1 for sev 
I 
ibly because some of th nagn ittacl 
! irketed se i years y ould no do al 
1 fo em. These lamping | lh i 
i y ierit ind in iderstandin ds sl 1 
] ] + . 
is COMMON, sed as th indard 1 
i ilanc 
In Nn fie] of dead weight Da ! Kevboard 
} has established itself s “the 1 ind mos 1 
{ mar if the day Many o ( LAN See : : 
1 ‘ i | | 1 4 
1 use in chemical iboratories, twentyv-fou ours 
. . : \ sting | 1 
lay, month in and month out, requiring no more cart ; 
nsti I non t ) 
in the usual ele ining While still somewhat CXPcnslve : 
: a j i Nn 1) | ( ! 
hev are to be seen in growing numbers in laboratories 
= 5 1 1 1 how iva il VW t ~ t 
s\ re now available with the chain attachment for id 
} ry tN i n 
‘ ‘ ; ; o 
weights below 100 mgs. The notched beam balance , : 
' : ' \ new ! { t = LSP fh 
o of the dead-weight type IS we suited to routine | 
‘ te) ts new s} ) re 
VSIS ind Is rapidly becoming popular | rhaps ! 1 . 
E . . Bal COK i¢ t 
rt iders of metals of higher wear resistan than - 
© : ~ ) \“\ nt ning | 
brass now in use mav extend the useful working time 
nto uJ Y \ ‘ 
‘ 1 | +} 
ween the necessary recheckings rt the weight of the 
Dring to rom tf 
Cia ( ) ! ! 
| 
Needless to sav, balances with all sorts of combina ] } ] 
. 2 ist decade. The Junkers typ 1s 
Ns i these time-saving devices are ivallable. , 
era hot-wt tvp ny] | 
. , 
Within the last few vears there have Appr ired several : 
b hey , ’ , 
. ] ] i 4] 
whemical balances, all making strong bids tor the , ’ 
, Ow tN ad iimmt ! ‘ 
is Vet limited market 
Balance we ights and weighing techniq l¢ kewiise have COLOR ANI URBI ry \ 
een materially Improve d. With keener demand for more Color meas ent had been ba 
, irate weighings has come a better und rstanding ol son hence hy] ct to per ma training 1c] f 
} "oY } } ] ] + } ; 8. an ] 
ie inherent errors. ‘Todav the air in analytical balance OD St ( \\ I Te | 
ases 18 maintained at a low humidity to prevent con photometer tl o | Hect 
densation of moisture on the weights. Numerous balan yIbiect can be spl 1) » it pecty por 
case dehumidifying devices, all essentially air-dehydrat these in turn quantitatively isured by aq tul r 








) v General Electr Prot 


b and Eimer & Amend. While 


ot skil 17} neir operation, 


they 


miparators designed for specifi 
, 
nsitive devices and direct-read 
| ' lc 
s. in some instances amplifica 
nploved 
Tere developed for sel the clini 
( Lit ) ent adequate Tor 
{ ve l mcallor 
eter mperating or this same gen 
( ithhim the t fe veal The 


r ‘ el 0 modification ot 
electri \ r ire the light 
( rticle The E & A Photo 
bart ( I qd turbidity cor 
‘ rhiete | ! cl rece : 
the hi ) rizec 
col ‘ , nly 
l ( ( ( ¢ 1 
tl re 1¢ an ( | 
| | ere ere ¢ i { a 
| T ‘ t T he ‘ 
( ‘ ( it 
( ‘ t ( ori ¢ 
is, etc 
e-le 
| er I I 
} 
‘ i 
\ { } . 
( in 
f ) 
ad \ wail n ire 
1 1 oO, xcep I 
1 for t ntroduction§ of 
( pear ? 2 oS | t ] \ 
t ! \ s conse 1 ( 
. nah flo As a 
] } 
Nndaustries Now have 
ISSES brewing industry 
] + 
veral vears ago and it is un 
) o ) S inda | it ist 
pidly 
( | iss ( 
i ( | i olasse 
‘ ( I rick 
eco ender I Whipple 
‘ ( ter ko 
- ‘ ( 
ea roi ‘ I \ ( (1¢ 
i ‘ ‘ t 
\ ‘ ‘ ‘ 
‘ { 
‘ ( 
f ‘ eed \ 
‘ etre 





mpts have been made to correlati 


ior nomen 


lature which have ar 
in recent vears. While several color valu 


’ i Conver 
tables have been published, tending to bring some 
blance ol order out oft chaos, they more than ever 


phasize the need for a more thorough-going standard 


tion of the entire science. ‘The oil industry is particul 
ictive. The N.P.A., the Tag-Robinson, True Color 
Optic al De nsity SVste ms are now be Ing Inve stigated ‘' 
a view toward numeri illy interrelating measurenme 
rs. 
In the fiel testing of color fading, Atlas Ele 
have mate rially improved thre ir carbon irc Fade Om: 


on the Union, Robinson and Duboseq colorimet 


ind have incorporated humidity and t mperature cont 


of the atmosphere surrounding the exposed samp 


National Carbon recently 


ited-testing unit for the rapid testing of paints, lacque 


announced a compl te acct 


ete., using a highlv-concentrated carbon are as t! 


Lilt i 


While the recently-formed ( r Society is. stl too \ 
to | e made it influence felt, it red membership in¢ 
rtists, WW l nuftacturers, representative ot the wy ryhric 
industric textile colorist nd dve chemists, as ell as ] 

With this backg d and its ready expr ed | 

( fo cooperate itl ( tect 1¢ reani tions mtere 

in color, it ¢ I t doy eri y i solving the ] ble! 
‘ ene 
CENTRIFUGES 

Centrifuges «ar Ss foolproot now Ih rp. 
SCULrACY ! ! n has so mu zed Chanical-tai 
nt fue , o}yt t o t+ , ; ed sion of h ds 

, } } , } h} 
1c¢ SSOrPV pa S Has ! is d Il Cc Sy eds Wil li I 
t) ( ms she SIC } I lit no ry S \ i \ ‘ 
l dd i nw t ntritug - ) na to s} 
; ] 
Standard mo of p Ss now p nits ~ ) . 
f th irgvger ¢ tril res 1 pract illy | t 
mMmativtical p cre . ind ha iIminated a 1 
separate niritug I i} 5 \ XlArV Hheatin 
fTrigey t ) 5s ava Lor th larger centri -CS VW 
centrifuging has been reported as a mear 
‘ t ( eCrvstalli ition. more work IS req lired bye 
{ ossibilities can be appreciated 
1} 
| cent Tug nl Ss Opn ol Bat sch ow Lo 1) has 
| } l +] ] ‘4 1 1] 
ready solived mor han a Tew KNOTTY research prot 
Its | { rs ia “ rel Te) Sseelns issured Ihe B 
ck Nn K and cream centrifuge he Board of He 
. m ntriftuge and tl A.S.T.M. oil centrifug 
Deen s indardized roughnout ind ire est iblished int 
respective industries. One American manufacturer 
° ' : ] : | — hicl ' 
yuUS mnounced a new angie centrifuge which seems 
Promise the solution of a few of the settling prob 

1] , ' 

nd breaking Of emulsion problems of industry. Perha 
] ] ! | 

1 mod capab I handling larger tubes than the 10 

ti) } } 


Des ThOW Wore” Use d may iid In thre rap 1 de termina 


’ 
Tt sma percentages of water in oils. emulsions, 


ISTILLATION APPARATUS 


Marked progress has been made in th 1uton 
trol of wate stills operating on gas, steam ind « 
city | Barns 1, Precision and the Stokes « 
yanies eacl 1} s practically fool-proof full-auto 
nits whic prod warkably pure water. Doub 
re ! Ss Wel broug! out for prod 

tivity water nd wat tal 

f no nyection, The repla nt of th 
1d oi Stokes stills w Pyrex 2 

) 5 as to I t nv refinements made by 
1 i . Vv produ bett Ww 

s s study of t listillation of organic n 

val rf stigators has resulted in th 


| 


late 





f an entirely new series of glass distilling columns, by Corning for this work has made possib he n 
ye ari ¢ which the Bruun Bubble Cap and the Penn State facture of glass electrodes reproducible and interchang 
hnvers } 
ionating Columns stand out. ible for most practical purposes NNost yuitfits today 
Me se | Brunn column is the ee = the bub consist of a calomel reference electrode, a q nhvdron 
ver ¢ t rs of tl petroleum mdustry hye Penn Stat , 
e1 : . e ese : : : hydrochloric icid electrode s irround al r\ th fiAass 
dard n electrically heated jacketed column ith built-ir ° ; 
bi ] denser mounted to one side of the top membrane itself and a galvanometer wross a Wheat 
iculs = ee 
] newer Podbielniak centrifugal fractionator dis stone bridge or potentiometer. With intinitesima irrents 
or l 1 
ted ip to 400 ml. per minute of reflux plus product at fowing——and with no flow when using a nu thod 
ed w 
00 plate efficiency. the electrical instruments must be of the finest. Standard 
rem , . 
: cells and potentiometers had been availal ) vears 
nc GAS ANALYSIS APPARATUS : 
e : 7 ind have reached high perfection today I precision 
Elec Phe Orsat type, while still holding the tield for rou ie, 
. 1] . faivanometer required being of necessity d i na 
Om lue gas : is rapidly being repla rp , 
m flue gas analysis, is raj oh g replaced for pre expensive, attempts have been made to cir 
cont n analvsis bv the more elaborate ind accurate types, ; Mis 
. . \ , ns use, several manutacturers bringing 1 radio tvp 
‘ : , Dec cele + . i ‘{ F 
am] is the Bureau of lines type and the Shepherd plifiers: the customers seem satisfied. ‘I q — 
acce] ireau of Standards types. The Haldane Air Analyzer, 1: . | 
rea 1 optimum size oft glass electrode to ust nm ord ! 
Toor n its nut fous modifications, sti Cal for alr analysis, 
qu nue ss l i ; , _ _ l ° 7 COME thre ISVININEUTS }) ten By nals nsw | a Ww 
‘ag ‘ e t » | ) ric mi gr 
€ aging the Van Ivk nanometric type is making rapid ever, in spite of all the problems unsolved, 0 MEINE 
ids into those fields requiring the handling of minute reports at the time of writing (late D ges 
» yo intities of gas. Five or six manufacturers are market i ’ ; : 
als i recording hydrogen ion apparatus has been in d 
ll of these. The interchangeable-unit type of appa . 1 : 
hic 1 1 Ina paper mil tor a number of mor S. } Wing prod 
; . art , P ar 6 ‘ & 
s ph is, in which all parts are standardized as to size, uct as well as saving plant operating co 
1 a | aon hee eR Se eB Be 
willi ipe, ete., has made a real name for itself in the larger ek ines: veda eitie male 
“o te lustrial laboratories. Convenience in operation, as well foliowame sane See.ca 1: fd , 
: NeTEAGE areCnran aracter ] te 7 els 3 . 
werea d curacy, chara erize all lat mod Is, ind the British D1 1g Houses now if} xt 
Gras inalyzers for specihe tom ein have also been of colored liquid indicators covering HH I 
eloped. The Yandell Henderson Syringe Type Ana ee eae 4] : 
. . MOU , OD at In Lis ) T l \\ 
s recommended by Eimer & Amend for the anai a Sas ee 
res . ; se of the glass ¢ id : | | 
of atmosphe res of oxygen tents, etc. Special outfits : . oe? 
fj 7 oO meet specin cond on ) J \\ 
t] Ve iso Deen deve loped tor thre dete rmination of noni new vp of contro \ | | 
i : | , 72 
fumes mm lacquer spra\ booths. ilthough no standard en, ae ' ‘ 
Is ‘ mut Its poss it S St 
tion of either method or apparat is Is discernible il 
( I } ) y\I} ~ 
sent. More work is urgently needed here. Several Seen 
w gas analyzers of the thermal conductivity type. such Many new hydron rs Wel Ley 1 f{ 
sp z Fes ' ) ' 
that of Gow-Mac, were announced—for plant, rather purposes. Most are regular types with s] 
‘ } ry 1 ] , 1] } 1] 1 
in laboratorv. use. The Edwards Gas Densitv Balance Alcohol, calcium chlorid sodium ch rid - 
lS . ! } 1 } P 
, been improved mechanically and is still the most milk, sugar, tanning liquors and anti-ft 
; ° 
1) 1 ] ] ] rt ) 
versally used instrument in its class. Fuess has. re all hay special hvdron ters develo] i ) 
Wh, ntly announced a much smaller density balance, em water hardness measurements hay COn 
‘ o 
ploving electromagnetic neans to restore equilibrium lar attention. The Stromberg Motoscope Corp 
1S "+ , . | ) >] 
Analvsis of the so-called uncondensible gases is now an active here. The Aquatron, Pyknotron and A.P.L. 1 
vervday procedure wit! Podbielniak ractionating motron are ill modifications of his gener It | 
tvpe of gas analyzer. ‘The, original low-temperature U.S. Internal Revenue Pattern hvdromet 
iS ba i ; , ; , 
] lalvzer has been supp yw ceed bv a high-temperature Ip rove 1 sligh ly with phasis on 1 
IC] r 1! é ; ] 
B Init ind thre CODDDITDA ! eovers practically thre entire chant il stre neath Recen ley lopmen , ! | ! i 
) 7 . 1 1 4] 1 
range of these onse ! Ying «ej trie propanes ind lining to tac Itate ¢ ining, ind vrapped 
ea 7 , 1 , 1 
, butanes. The Pod nias 3 is now. available phan Rascher & Betzhold dairy vad t “ 
a with automatic contro because of its cellulos wetlate mating aroul 1 t] | 
th ; can be dropped to the floor without breaking 
: HYDROGEN-ION ANI IN-REDUCTION-POTENTIAI ppea wie 
Is ‘| he rt | itive nerit / \ “IOUS methods of dete r MICROSCOPES 
el Inning hvdrogen on t my have been argued To do j istice to al mprovements 1 
My hie itedly. The trend tocias v% toward using the scopes ind accessories during the last ter rs Wo | 
. . ys. 1 1 1 . 
yn colored indicator soluty” » either colored liquid or require an entire book. As most of these we idequa 
itic glass reference stand>: # _ for routine testing, except described in Instruments, a few notes will suthee. All th 
ol When strongly oxidizins or reducing conditions prevail Inajor microscope manutacturers have redesig 1 tl 
ind when the natural color, excessive turbidity and ex products for greater rigidity and freedom fro1 brat 
cessive salt concentration of the solution to be tested tend in use. Supports are stronger, stage space has be 
1a to interfere, under which conditions the trend is toward creased, and most parts have been standardized 
( ectrometric systems, one can start with a simple. ine Xpensive ype and grad 
Ol \ dozen or more glass electrode outfits appeared in ually add additional equipment as need arises, without 
i ie last decade. Some of them fell by the wavside. prob purch ising a new microscope for \ 1 
i ibly by reason of mechanical weaknesses and improper microscopy undertaken, Numerous new accessor wert 
’ 
CH lectrical balance between components of the system announced by Baus & Lo nd Sper \ 
The survivors are doing fine work. The type of elec noteworthy new instruments is the B& LP ry 
tin trode to be used is still an open question. The antimony scope with built de ling 
( ctrode, suited to certain specific appli itions, seems to ever required in complete petrograp! na i 
ive been oversold in some industries. hurting the pres investigations, including polarized-lig] } \I 
ge of the e] ‘trometric tvpes. The quinhydron electrod: tllograph tfits were likewise ny} f { 
has been proven quite satisfactory for gener il use up to The new B & I equipment now is pl sion tor bright 
, pH of about eight to nine The new glass developed field, polarized light k-field M 








1 t OU t poss wit 
! rN }) t) \ new high co el 
| nating SVstel i ( il stre unlined con 
rv alignment of optical svstem and bino 
1) i tend to bring this into the front rank 


n {} | , ed by cced 
] | uv \\ no ! nad d 
! t o'}) f} | rt v 
| ) il) prot j 
. COP AND s CTROGRAPILS 
i" pur iow b ¢ th 
tant ingred non \ rv. the search for 
1 \ ‘ I i T il ind I 
1 1 t | ind t TOOLS ‘) find t ' thie 
t }) t Ih t { id nea iblish d 
| f rooting «as q intitative ch 
“ il pectrog iphi 
t I nN . s requir than th 
resp sis. With t lemand ha 
| } t new si U1 eS } tro 


} | } 
i t por in say Deen 
tut for wood parts whicl lid on 
nN vil i g tr nd the in rporation 
! 1 ( 0 Ve rie ind to iid in Ne 
) { ! { nsty nts themselves Some of thre 
! n yd red that bot glass and quart: 
t mote nterchanged Lecessory equip 
t l i tl 1! th ton ter linn densi V cor 
parat specti ! linn proyecto ind spectrum measut 
ng SCOpe Mave Deen IMNpros d conside rably 
rEMPERATURE MEASURING APPARATUS 
Ch ist decade has seen real advances in the simpli 


fication and standardization of temp rature measuring 
dk VICES Phanks { the splendid standardization work ot 
mittees as D4, DIS and E1 of the A.S'TLM.. 


ind to the corresponding cooperating committees of the 


American Standards Association, the National Bureau 
of Standards, the ACT .3 ind the other 
ieties like the Association of Official Agricultural Chem 
American Oil Chemists Association, th 


technic il SO 


ists and the 
nuit bey ot thr rmometers torme rly required in the aver 
age testing laboratory has shrunk from hundreds to 
dozens, with consequent lowering of ope rating costs To 


day thermometers are more accurate and uniform = in 


I Manufacturers have been 


dimension than ever before 
quick to realize th importance of such standardization 
and, with increased quantity production made possible, 
have pas ed on the saving to the consumer. Fine Bureau 
certified thermometers are now available it about one 
half former prices 


| wo new Improve ments im the rmometer de Sign reduce 


errors of observation 1) Color contrast, exe mplific d in 
various ingenious constructions such as the Palmer. the 
lag H pe ind ti Moeller il] sing bright red: Z 
the ‘Tavlor Binos with a corrug ited face on the stem 
This tra the light pingin on th nercurv and on 
reflection from it is iain refracted, permitting he mer 
cury » be read fi nm ag it least thr esa 
wid S wa orl riv po sil 

Another in vation t R wer & Bertzhold ther 
W i S cetate fi n tside of 
the gla ng shatter proof 


the bimetallic strip hermoreg 





fecording thermometers. pvrometers ind te mper 


mit ) le rs being disc issed in inothe r Decade ol iy v 
ress” article, sufhee it to report here that all such 
lustria nstruments. find more numerous ipplica 
n thoratories today ind more Important uses t 


ev did when Instruments was founded. In the lal 


rv tield, however, te nperature control devices have 


ceived almost as much attention as all other forms 


ontrol devices put together Che virtual pe rfectior 


tl itor was a great ady 


in the right direction, but as i is somewhat limited 
yperating range ind is usu lly subject to a time 

nor SCHISILIVE ontrols we. wanted Poday the on 
static regulator, of the hermetically sealed mercury 
glass type, is the most popular for accurate work. An 

in’ Instrument, Cenco, H-B Instrument, Rascher & 


B tzhold., ind othe rs, all make reliable regulators. 1) 
to fouling at the contacts and the inevitable loss of se1 
tivitv, numerous trick wiring diagrams were devised 


' : 
one really solved the problem until the mercury sw 





with suitabl relavs came to the rescue. Now, baths 
n daily use in which te mperature 1s being held 

0.01 C. month in and month out. Several compar 

pply constan temperature baths of this type. Ne 
i} ipplving this Vp of control to drving oO 
ind in ibat rs 

Constant-temperatuy ovens have ilso) been Inpro 
by the nstallation of more sensitive controls ind bett 
internal construction and design, with a view to util 
natural convection currents; and = forced-air circulat 
Aas been idded to tl large roovens Humidity contro 
iso availa on a few sizes of these ovens. The c 
plete line is available in stainless-steel models 


VISCOMETERS AND CONSISTOMETERS 


With the better understanding of the laws operat 


} 


1 
Im Viscous ind yeast flow has come i thoroughgoi 
Bie 


investigation of all the instruments for me asuring vi 
Cosity ind consistency, ind an ittempt to reconcile t} 
results obtained when using different instruments. A 
1S¢ are. The Saybolt 


Universal and Saybolt Furol, standards in petroleum ir 


the present time the instruments in 


dustry ; the Engler, still used for some pitches, emulsior 
ind some paints and paint vehicles; the Stormer, f 
paints, silicates, starches and pyroxylin solutions; tl 
Mac Michael for anything from water to glues, ge] 
tines, asphalts, varnish S and erTreascs ; the Gardne r Ho 
tubes for varnishes: the Gardner consistometer for nitr 
cellulose solutions, heavy lacquers, liquid resins, son 
greases; the A.S.T.M. consistometer for heavy greases 
the Herschel consistometer for heavy oils and asphalt 
and for more general use the Fenske, Ubbelohde. Vogt 
Ossag and FitzSimons, and similar modifications of tl} 
Oswald pipette; and the Hoeppler or falling-ball types 
Added to these are the falling co-axial evlinde r < 


y) 


sistometer tor isphalts, the asphalt pe netrometer and 
modifications for testing the tenderness of meat and 


peas, cooked fruit, ete.; the Blum gelometer for testing 


~ 


gelatine; and the Gilmore needles for determining 
{ting tire and consistency of cements 
All of these have been redesigned or Improved ithin the 
f« veal While, obviously, they all cannot be used int: 
nveably, certainly me could be eliminated Vhe ..S.1 
reat thy Ar re I investigatin many of these ind, 
tl tive elp rT tiv National Bureau of St indards, 
Society of Rheology, the Portland Cement Association, and 
( ish 4 iust ( rie ( ance Tt rae 
nine \ ‘ ‘ ! ad thre VI SUT 
( ‘ ] ‘ e A.S.TLM Lie ‘ 
al ( l ( ail ment Th US a 
{ i 1 ' | c'¢ 
iead } 
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lica 
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. DECADE of PROGRESS in 
Time Instrumentation 


By M. F. BEHAR 


—_, KN error 192d here 1 aeri wel I 
r! 1rnie tline recorders, time switehes, sequencu ( ( 
Te rocess Cvcle Col troller na ¢ 1) e coordi ert ( il 
mentation or “eentralized-brair te Poday, thi Ines, i ! ‘ 
" Ld reater a hie a ive 4 i ( 
‘ for a “usel riter” to handle this “Decade” ib jee ier ( ette ‘ 
‘ yY rou the hig spots: detarec CLIISCUSSIONS rt ‘ t f 
instruments introduced before 1932) | e bee Since enc { f ore ‘ ( 
l these COLUM roaduce zs ( 
ler the broadest Interpretation, al TIME pPLEce re ““thnaa wo7 rise ( ( ( ( 
rs, ill instruments producin records with time a rie t ( CLASSIT LC i ‘ 
wordinates are “time recorders.” and | plano-plaver iver nore YT ( ( ( 
ign-Hlashers ire “automaty sequencing controllers.” ‘The 1 rmretly tl eC l ( ( 
ce of the time element in industry, however, has led to One gre ot plicati est 
clopment of numerous special instruments related) Mhin the hea of moti 
to time. We shall deal only with such instrument decade that ( ‘ t ‘ 
ppear 
I—INDICATING and REGISTERING \) easy dd ‘ { 
| vears ago most time-indicating instrument ere man sIngle-recor¢ a - e-re 
perated. ‘Today the majority. (im industry ire attaches feature aby mie recorde! I e 
nected to the equipment under study. Some equire lieat ber of record pens Thinte 
e hand or series of pointers be manually set) bac to the recordin Instrument t 
in others the pointer automatically flies bac WA her Ins Ite il ! er 
trie is re-started ber of prece ot quipment t TT ‘ 
| thre myvest inter of industrial interest thr isually recorder, erther 1 
tering instruments are generally called hour meter me tina combination instrument 
el or counters SOTLE have dial re isters others luave Chine record pertain { ( I 
netel “direct-reading” registers. Eleetr , connected these combi Lor Instrt ( I 
ed-time registers of THIS ¢ SS ere bro ht out in the iS I rd, the ? ‘ Iv ‘ 
de by Central Scientific, Cramer, Esterline- Angus, G- Eh, ing” record \n i ENCE 
Pelechron, Westinghouse and Weston. Hasler brough UVSIS TV pe ‘ I 
the “Running-time Meter” purposely designed ecl a} 1a Tne ! ( 
drive from the machine under study in order to make it ments of The bine ! 
! itor Caripy r-proot Most of these time revisters have Mo ne Vr rare © 4 
ry tenths) tor their smallest divisior f have the e divided i ( I 
iter driven faster, so that its last digit represents econd CIVI hh speci MSU rune re Peet 
ndredths as in the Cenco) the equipment ? leh the ‘ 4 
maller intervals and for registering seconds and tent] Hen Caivided { ‘ 
top-watch (manually-started nd stopped ! blossomed rm , ITN I< \ ve rihe 
to many modern torms: electric id l driver In Th I ( ( 
et, bench nd switchboard: sinale md multiple-hand ) the cl I - , ‘ 
by direct pressure or Trom a remote speci v-desioned < Ni ( 
Forms are too numerous to deseribe makers are o cl LThie ! I 
fo name individually U !) I ( 
riant of this class is the process indicat ig il ent el rea ( Te nie 
er, many forms of hich were brought out b Stromber HrOnOgtT ‘ c-\ 
1¢ Phen tandard model h { Oo hands or pointer One | IT Ene . ‘ ‘ 
vy set for the desired interval: the other irts fron Ve Pupe R / ( 
setting point, travels back to zero and eause cantact to Paximeter, Service, U. S. Re 
de in the signal circuit when it reaches zero MIT INEN PM ive 1 CU ( 
eg) ril not reeording) still smaller inter ss “evel vil I a I ( 
ter ere introduced by G-E, Standard Electric ‘Time rn fr them designed for com ( ( Cle 
Ul OUSE As suyvvested by the name, the tin e CIVISLO be Col derea) Tor l 
i ‘ ( evel S Va l hic 
e re ettu into the ftleld of chro ) dose . decade : 
Nh dealt ith under “Reeording’ but We use | a CI ) Sat , 
ed i eld ith a visu indicator he ¢ es ( . nm Phe Pr aN | ‘ 
( ‘ pe, } I a ¢ rt 
1] RECORDING Fr t Tu) ( ( 
a ry needs few ionization-research oscillographs produc ecent ae 
diagrams readable to microseconds: fewe rl svsten . Moe , ce . ‘ 
ition recorders with twelve-month = el rts; but ar er 
extremes its growing requirements have induced instri 
thakers by the seores to bring out dreds of dittere 
4 time-recording instruments ino thor nds of for 
sands of kinds ot industrial pplicatic ( t record 
ound charts a rge as 12 ind as smal is i’: on 2 
trip-charts, on tape-charts and on 8 ) car 
on charts with time divisions and on blank charts 
on charts that move at constant speed ind o1 harts t 
ce Dy jerks like idding machine tape: ecorda IK re 
charts” though autographed on paper: record ic ! 
graphs” though correlating time with other d recor 











strument produc 


spira 1, tl hari-retation pero and the number of 
1 ‘ Di? bens ti mtiona The kisterline-Angu 
meh, though ni p-cl rts, was the most extensive 
the decade began, wa further extended, chiefly by fur 
diversification of chart-drive mechanisins. Foxboro, ‘Tagli 
Pavlor | troduced new features 











ind \ ikewise introduced ne\ itu in both then 
ric ind mechanic round-chart lines. These five firm 
offer both portable nd panel-mounting models 
(hi yraph ire beginning to) find various plant 
thon primarily designed tor laboratories. Cambridge, Ce 
I ue nd Gaertner l made refinements in their lines. G 
. ner brought out printing chronogt ipl S \ hich produce, in ida 
A N D i he record of the device under study l parallel Cont 
time seale consisting of three rows of numerals, to hundre 
Tt econds Lhe C1 G-] ~_UVCK Recorder” -is a switchl 
SIGNALLING INSTRUMENTS Instrument for velding machine ipplic ithons, but belor ( 
the ¢ ironograph Cla records read to single 1-( evecles 
Recorders with Intermittently-running Charts were bi 
out, chiefly) tor machine-tool ippheations from SIP Le 
e ° ° e 
is sad cl oc to thre iborat ; rronolog” of tional 
are improving quality of Ohvaa eee 
. Voti Picture Cameras were brought out for industria 
ro luctic 7 r > ] 1 2 r $ ( i] lysis service, some with MIC TOSCOP ittachments! and 
p ¢ 1 ) 9 € c l C ing ™ Pp 1 = it} iccessories for motion study worl For research ipp 
. lol Prot or Edgerton’s system embodied in Ge 
age, Curfing down Costs Radio’ Camel neon inp ind ICCESSOTILES, has l vce pos 
he slo motion viewing of phenomena filmed at thousand 
> . 7. 
-... in many industries images per secon 
_ 11!—CONTROLLING 
l bet bt ere had been broug out ( 
1 1 1¢ ine Cor ( 1C'¢ fro. Inyo te tlme switely 
ll cit ( ( Or Cc ( rai ecl-instriumentaty 
tcl elim i! ( uine Cle! tron He per l 
ct l ( mer 
Durin rT lecac e re progress h co ed j 
COTTE KK rove LO! reas rt indy ria Corte 
i lol au 114 riultipr ly 1 rf ‘ | 
eve t ic uitline a eure Mid EXE 
@ Stromberg Process , et ~ 1M ~ 
; : ie oon r il tion durit ( st decade 
Timing and Signal- aie teactonnn bs. aa all eet aes 
ling Instruments are charge-and-discharge hoo Ss (nad ssible, of cour 
many reliable me Vy of electron tube 1 ( | 
| 1 1 — | : 
a reliable and accu- commercial production evi ‘ vecial” capac 
rate method for tim Som ther weird devices burst forth in recent v¢ 
1 ed out like vrockets because, of the countless tlining 
ing the length of a elites known to sclekee aad tried by desimners. few lend 
process operation. elve to embodiment au tool proot instruments +? hilce 
: : irtillery time fu rroblem: thousands of patents but only 
[hey are used for a variety of purposes and in a ee 3 vei de. jae sensi 
: ; ; old powder-train Tuze ind-escapement-clockwork fuzes pro 
great variety of industries. They are used for ring- themselves bore-safe and showing negligible percentages 
. a . . aud | retore ( salut tl ( pacilor-< ir ind-diseh 
ing bells, lighting signal lamps, starting and stop- sek eae ; - # — 
, principle ond adoption Dy mau \ t id to be good 
ping electrical motors, reversing drafts, opening place cam, dashpot, and other principles -even if: only in 
4 - . i ld rT sing DuUurpoas S erva on-an ra LDL 
and closing valves. They are used in steel plants, F pe PULPOREs 60 Interval, nd-of! appii 
: : Mr THPULET Ape purpose, CONLINUOT or “cvch repr it ppli 
small tool factories, rub- ions, of course, cams still reign supreme. ‘This is particu 
ber plants, and in baking, nucle sens digr amelie adie Masigeiahale- eg. spabeonl an. amacees 
: Q les, Pressul Ho if Md other conditions must treque 
preserving, tanning, ena- vy be raised gradua held the np for definite 
meling, plating, candy nd then lowered gradually in exact accordance with p 
‘ ck rine ¢ inne ri In us field, nothing has taken 
making, and heat treating tak il ot Of cainid, och cam: contineowaly eeertiinn a ¢ 
in general. dbtion controller In mnie en of coordinated instrumer 
‘ fion, al an I on oon ift in other ther l ira 
Write and tell us the eae ; dk 
of camsl {t ot heatt peeds and ot starting-and stoppin 
problems or conditions Five firms made (or rather “built”) practically all of the 
that you have in your miuntiple-camy process controllers required by industry bef 
c c 4A . . 

a ee 1928: ATC, Bristol, Cutler-Hammer, Tag and ‘Taylor. They 
business and we will be longer “build” them; they make them in production. lots 
glad to give you full in- alo dozen more firms because--among other reasor 

; $3 recel ven Industry has been toreed to strive toward 
formation without ob- ile oft tullv-automatized plants of mantless tactories ! 
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rot , DECADE of PROGRESS in 
z Cathode-ray Oscillography 


By RALPH R. BATCHER 


int 1 Cathode-ray and electronic application consulting engineer, Hollis, L. I., N.Y 


Ss. ty 


NI f the mayor problems of sclence Is” the ccurate nucroseconad Wt need be Cui ere ‘ Tuicde 
1 rhe determination of variable effects. One of the outstanding SOT varlable effect Vest ead CiltZl Chve ( 
ontir contributions to the science of instrumentation during pointer” principle; (3 I \ C 1 ci i gt uN 
indre t decade has been the universal usage of oscillogyr iphic nti} rtance ner ‘ : ain 
itchhy. Is. ereby the moment-to-moment CVE Of raplaly related variable re a CATE : : 
‘long haracteristiecs can be delineated with lmple means to COMMON Tne Dase Crees \ tant ( 
a riables are to be found in all fields of research, proc 1 Ingle event | ( ( | I ( Uh 
bro , fabrication, testing, Inspection, et Phe cathode-ray perating technique fal t rye 
le s proved itself valuable as the nucleus of the Phe { ( ( ( ( 
u Ac convenient oscillographs Its growing importance forty vear ) t ( rst three cae ‘ ct 
see nee pparent to anvone who tries to keep up the historic ork « fy mitstand , 
na ' ; : : 


the articles that are published about the tube and i tube i rovement di pli \ 
t})] " 
Pp plications. Since most of. the ad nee ave ip = thoug inn nv ¢ . . rinci P ' , 

















red in the last ten vears, articles are increasil ov jl tl 1! ©, GU4ril tthe aqecade thre et 

pos etric progression ! many mvesti t ’ 
“UNG rapid development started with improvements it } CUT ray { 

Tr it elf, then took in the ssoctated apparatus, f ] lead Tf te aot It 

recently including 
riety | levices ind meth | Cl I \ 
hie ereby thre useful | \ al ‘ 
1On { | raph ‘gene 


the os uray BRILLIAN NT Ly 
tio ' -_ | field ' 
ender nto ela Unhzation of modulation grid 
ti) P trout itation. \ ais 


MN aft th cathode -ra\ ; =a ‘ : f ( 
. D y | t — gaa 

CANCE he itself, the milestone i a : i 

f rors ire noted 1! f t t mproved : ae I 

| a 3. Reduction of effects du elect 
is ‘ int were ith, whe re t a t 
, I and or 

iil items in bold-face Focusing by electron lens principles 4. Improved f : eflect 


SE 

































. hve thode-ray tube is not usable (ex , t t 
roy ( tor few simple eleetrica peLeen F arn Jak eeaasica co aaciattece e re } { 
om ithout a certain amount of aux Accuracy of assembly: interchangeability t vare 
Ke ipparatus. In addition to the powet > Increased life as b+ ele ‘ 
! S ' % : + Lower costs 
iy nit, the time-base-circul ‘pp : Availability in numerous sizes and type th ‘ 
rovir l the item most frequently found i 6 Strain-tested glass: explosion-proof ence 
res test set-ups. ‘This item introduces the se 
lyeny ond limension to the. tigure ind ye rmiits ‘ 
to d effect to be measured with respect to , e-« ‘ 
in time. The outstanding apparatus Improve ‘ | 
: re is Ee time base whicl 
ito ive een: | ) \ time nent ' Production of synthetic materia . . 
plic more nearly linear operating charac Selected characteristics throug! CCE n. HI ( 
al ristics, operates at higher frequencies if control of impurities - , f ele ar, 
led | lil } | Control of delay factor 
‘ i] S r syvynehroniz . 
mid eeded, and is more readily synenronizer Availability of many col ( 
Lt Phese improvements have been icecomM 6. Increased efficiency permitting ( el \\ 
' hed in several wavs bv different work lower anode potentials { p ‘ Pf 
° , . Daylight operation 
1) Cl =<) Special timing circuits giving ¢1 i ee } 
ae ( ir movements, or in other case deflec 
ich follow some non-linent ( 
( 
‘i red 3 More general utilization. of Important steps in the « ‘ t the \r ‘ ( r ‘ 
: | ithode-rav tube ) lopment nae 
lard vacuum tubes in unusual appli cathode-ra ub Developn ime er ‘ 
: ] during Last dex 1c1¢ if¢ imac ed b bp 
( ions, there having been a great variety faced type elect ric face. eve 
Tat! tribe Ev poe \ produced during the 
af decade t) Availability of specia ectror ( ( 
\ mi tubes to fill unusual needs whenever the need of suel » that the rig ( I 
lyns became apparent to the tube manufacturers. (5) Accu isior ich camer 14 
te deflection amplifiers having linear amplitude and_ fre ctuality nd, in some = t 
' eney Characteristies. These items have become the universally human eve 
epted parts of a standard eathode-ray oscillograph. In ad , e e. ine , f 
dition we have the electronic commutator or switch in severa ele ‘ t ( ‘ 
rms, Whereby several tunetions can be disclosed at once. In the anilinnt Row ’ 
other field there have been numerous types of deflection po nd darkne but rere tar a ‘ 
fential converters which transform various physical and me true forn dsr ive 
chanical effects into defleetion potenti ils. These have opened Voreove ’ ed j p f it , ‘ 
many new fields oft rese irch rrdiy 1 . re ite } it 
Mass production now meets the requirements of radio servic ivallable eo] T ce ind t 
nad es ' 
k and other fields; and has lowered costs to a multitud { televisior 
users as well QT ore er one 1 ) ce ( 
\ list of even the commonest ipplic itions would be too long of the cathode-rav tube ton I ! a 
fi; t . Ma ah car » 
his brief résumé. The present trends follow several lines testing each and every specimens 
{ ti] } -_ : 
uthiization: (1) studies where operations or functions are rejecting those outside of the tolerance limi ‘ F 
tin y “r . | _ 
imed—-giving an answer in terms as small as a part of one ng those it accept 





A DECADE of PROGRESS in INDUSTRIAL 
. imo pms Blectron Tubes 


Se a a By H. C. JENKS 
ction, g r cap , lor ity, Engineering Laboratories, Westinghouse 
tiplication of type rietic Electric & Mfg. Co., East Pittsburgh, Pa. 


















































! r ‘ ‘ 
| 
t ( l 1 een that 
( ) rhie ” yd: “new rat aqaireectly nd indirectly-heated cathodes ire ised \ 
! adil " ad I ‘ cit shielded direetiv-heated cathode ire pute popular \ nor 
te ( it lied ft 1 ‘ ( modihcathLo of thi tvpe of tube found in. the hot-catl 
1 , vrowt i e mistake tf co mercury por rec hier u hich no orids ire provided, sé 
i ( i t of ecial tube « racterist] ‘ ube i ire rectifier 
f atte tn the the Phe normal grid-controlled = gass 
ele ( device | t nately TV} thvratron or. grid-glow ) emp 
f expendi e of energ mercury vapor as its inter-electrode ¢ 
: aR , S : 
‘ ‘ fe ‘ v} icl SUMMARY OF INDUSTRIAL TUBI lucting medium. Others of this type « 
ae — mie ranials i nk , Ts . ah . aa 
( | ctr i pid | HIGH VACUUM ployv inert wase such as helium or arg 
industt nd make for itself ; ith the result that their characterist 
' i. Rectifiers 2-element (halt wave) ae , ee 
tC rye reru nm the eld of mea i-b. Rectifiers 4-element full wave) remain substantially constant Ove! 
‘ nad contre i Detectors cle unbient temperature range 
| ‘ f industri tube ce d. Amplifiers ) Fapiageers” Although the grid-controlled = gas« 
1-« Amplifiers Screen geri ; , 
‘ rte er ily wuun desig 1.€. Electrometes V pe had many times the rating of 
i t better cathode materia g. Train Control industrial high-vacuum type, there st 
r} t fectifice % 
ermitted eavier current capacith na l-h. High Voltage Re ? vas a need fora type that could wit 
tability for industrial heavy-duty ap > GASEOUS tand current surges of thousands 
ior | e tubes beir of the high unperes. This need was met in 1932 
1. Rectifiers 2-element (half wave 
type, therr characteristics resen »-bh. Thyratron t-element (one grid the introduction to industry of the Ig 
; , f tubs emploved for con »-c. Thvyratron i-element (screen grid tron principle of tube operation I 
jicati reception Thre tribe pro i : é lenitron employs a cold cathode in t} 
ed cluded improved rectifiers, it form of pool of mercury. It has 
t creen-grid an fiers, and pet vrid: its control resides in an igniter 
cle Ct hye clay ti if the hig ve 4, IGNITRONS resistive element dipping into the « 
ere the electrometer tube 4-4. Glass construction in smaller ratings ode mercury 2 iring”’ is Initiated by 
‘ { ‘ ene ra ‘ te ed t-h. Sealed-oft permanently evacuated meta passage of current through the ig 
ie : ye veal eke types for medium ratings ; to the mercury. Following this currer 
4-c. Steel tank, continuously-evacuated types ; 
\ t mine eal ‘ the invention f for large ratings issage, 1onization of the tube pern 
‘ ‘ { ‘ { ‘ the conduction of load ei 
iltered the trend rent for the remainder 
f deve yment and applica the half-evele during whi 
i A a Oa ition | 1 
Ces } wile ! ea he len lon aS OCCUTTe( n 
nan| PETE | ee 
{ tr ior ti ~ 20 }-—+ 4 4 | particular respect, the pe 
P t CHARACTERISTICS —{Z200 ee 
‘ 1 trie ne wi formance of the Igenitron 
a (o}——_4 + + 
f bye it -{2000 imilar to that of the 
< 
cleme f consi 312 iConpenseD P controlled gaseous type me 
r1 + —+18e . 
‘ ‘ current ca Me uRy “a tioned above. Paradoxieca 
r 4 Tpaur rd 
‘ e introduction ws b +—} jiseo % it mav seem, the early Igi 
f } - { - | > trons were either tins 
a4 —- + + 4q\4o0o0 x : \ 
mciple l l a j a hucre mall ones Duilt 
typ rf ‘ ——— eee 2 glass envelopes; large 
er levice ( et AN a | | Le in tec jacketed = chambe 
y , r inte? U } rel \ } 
to i ( l ( 6 7 7 7 . CONTINUOUSTS evacuatec 
: Pe | ae 1 \Y neo oe Bch entaene 
‘ ‘ ‘ capacitic MutuAL pumping systems (someti 
p Lo} + + +—+ | | 14 ; “a | 
cteristies { ‘ | | nil nto th ‘hassis ) 
; “a CHARACTER I$ TICS i. + + —4 600 l nts e ¢ a Sl 
‘ ‘ ther yarticn © »}+—+ j | it | aa advent of metal const! 
el & iB! tion in radio tubes made 
| } ; 
se £ ———1-—4 | jh | | Sie self felt: virtually all me« 
, } thre trylye 4 | | | N um-sized modern lenitr 
| ae + } + i. | | l — ca 
‘ ed ‘ 2 218 -24 -le —%& —i2 — = re oft permanently-seale 
f id itage modi 2 4)—+—_+ + . DC. Garp Vo.ts steel construction. Conti 
< i ] 
; persist to the end j } ’ Ol v-evacuated steel - t 
j a 6 a lg 16 ‘ee ae a Ss ee r 
‘ irticular evele dut a a = se ee . a REESE |_| Iynitrons, however, are s 
} condueti i Gap VoOLTace $2 | iq *| ] favored for heavy-duty wor 
« } k 
: + rt + + + + 
urte 1 He eX suite \ 220 |v 1 During the major porti 
Sai ie ek cit ae rYPICAL INDUSTRIAL TUBI wey Rat tt f +] ta le. fer 
a | ‘ ( S \ nal 
CHARACTERISTICS zS 440 V. lens sec cdacexionth cine Mans 
rti r lf evele pro 3 800 T T T 1 tubes have been ipplied 
= + 4) rid notentia A—Typical characteristic curve to +2 | ae 
leu ( rriai yp } . — , > S 
g sadustrial 5S . element umplifier Sz Maus ry Llowever, since 
’ ty rT | ? ) ry he | 
‘ 1 ed pa ovigina type aX 499 . 1 ippearance of the ibo 
| heals * , 
“ uluse These uly B Typical curve for s-element thy sem | described grid-controlle 
‘ j ‘ ike the norma itror r ogrie Ww type ° iseous types ind ignite 
oT ] f tr ‘ r ¢ ¢ } 
’ ! cle e except Typical rating curve tor Ignitros ° 00 koe tvpe, for handling heavy « 
P hal } ' type CYCLES Conduction PER MinuTE { : 
it because of higher bul rents, radio tubes of 
capacities, they usually high-vacuum type are ag 
ire larger in size Dube arc entering the industrial fie 
} | ly 7 Y ’ try ? , y } ] 
iT THitie mwer tha re S174 equenthy 3 eCCessi > Inttiating and cont media tor these heavy-curre! tut 
ted by ithode radiating requirements rather than bv anode In the bove remarks, no reference has been made to ts 
wity numbers, since there ire everal manutacturers The genet 
Amon the many iseous tubes brought ta il the er Ve ure urmmed » in the brief table herewith. Breakdo 
ing Vear I { ‘ emplovin ingle grids, multiple rids of the ene! ‘ ‘ ould require individual manufacturer 
ind me heavy cathodes vermuttir tantaneous current nalvse for hich there is no space u rene resunnk T 
roe ; ever ndred ampere vithout inijuri r the tubs Dec e of P es it Klectre i Dube 
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es Phototubes and Photocells 


By L. R. KOLLER 
Research Laboratory, General Electric Co.., # eee 4] ; 
Schenectady, N. Y. With ¢ = So ao ' nial 


, DECADE of PROGRESS in INDUSTRIAL 





nor 7 e then i is grown to be a COTMMLOT or qa rehiat evel the ¢ , { 
cat} ‘ of industry, its growth in that decade exceeding ssces has 1 de it wssible to prod ‘ 
sot e four preceding ones—-tor it was fittv vears ago that ic rech , , ; : A 1 | 

hotoeleet ri effect was discovered by Llert Withi teri nad ‘ ’ aon irfac 
LALse vears after the publication of his discovery there was been prepare y , | + fer 
emp! ed fairly comprehensive theory, hicl s continued olet speetru 
de « nee with the growth of modern physic Lagging behind , ddition to these ' na 
ype e ret dvances, the development ot the phototube is manv improvement a ee 
r arg device stood nearly still unti ( t decade, during , n then ; take 
teristi not ( dvances were made ed re ‘ 
over I y r .taret years ifter Hert Ciis¢ ery Tre P r elet ‘ t ay ‘ 

( I highly 

gaseo ted ss. bulbs ( ‘ 

of t] (le \ marked 
re sti  ¢ occurred 1! fi ] c r 
d wit ter nd Geite A rT \A } 
nds t cali met ey - ( 

1932 |} mld be made \ \ y , : 
e Igi I ensitive Dy V 5 8 ; 
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Pong Lhe rst ot these, } ( ( 
ron tel years igo, : ‘ 

ori the cesium tube, made possible on a commercal scale by recent In 1930 there ppeare the first comune f 
mie e ce elopment of the technique of producing ceslum* (as these cells Many others ive followed. The t f 1 
cal ( is the other alkali metals) Dy the reduction of their salts idely used in this country are cuprou K1cle 
Ie I icuo. This technique, combined with the growth of knowl selenium on iron The former } i sensitivit f approx 
1 dge of the behavior of thin films, resulting from studies made mately 175 microamperes pet umen, and the tter s hi 
iit bout this time, ® gave rise to a cathode consisting of is 690 microamperes per lumer Bot curve ( é in t 

nonatomic film of cesium adsorbed on a silver surface \ middle of the visible spectrun In bot ( ( the ear t ee 
mbe hough superior to anything previously available, these tubes had large temperature coefficient nd fatigue effects. Improve 
d | id i sensitivity of only ibout one microampere per lumen for ments in technique have made the temperature ad rau t 
tine icuum tubes, and five or six microamperes per lumen for gas effects practically negligible, and these newcomers in the } 

I’! ed tubes electric field have found a constantly ro nut eT 
str The next step in advance, around 1928*, was the productior variety of applications in measurement ds contre rk 
ar the composite-surface cesium tube which is. the tvpe form There is no reason f thinking that the resent device 
med tf most of today’s commercial tubes: a cathode consisting of represent the ultimate in the photoelectri rt. Since ¢ t hye 
tror m of cesium adsorbed on a thin layer of oxides on a silver nie rage only two light quanta in one hundred « e the e 
entle se. Its most striking characteristic is its sensitivity to the sion of photo-electrons, ere is ample roo for imy ! 
tir ear infra-red portion of the spectrum Most phototubes are It is quite possible that the deve opment f the photot PF ine 
tal ed in conjunction with incandescent light sources. Less thar nhotocells is not nearing its completion but } 
ot of the radiation of incandescent lamps lies in the visible 
vor ectrum; the remainder is in the near and far infra-red | & C 
we \ccordingly, any development which makes phototubes more ter & G 
radi sponsive to infra-red will enable them to make use of. this 
a4 t and otherwise wasted heat radiation. Tubes of this type cE ( [ 
+} ( sensitivity of about five microamperes per lumen ‘for 
= um tubes and fifty microamperes for gas-filled tubes 
olle The next advance was a further enhancement of the red 
site ensitivity by the deposition of a thin film of silver on top of ~ 
o e composite surface’. This results in an increase in the sen \ 
+] tivity of vacuum tubes to nearly 100 microamperes per lumet ’ ( 
rai I s, in i decade, the sensitivity of the vacuum cesium phote 
fe e has progressed one hundred-fold. 
ona \ striking advance which is plaving part in the field of 
an en sion and may ilso affect) industrial pplications 8 tie 
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Wr I de to strike i. target nd give rise » secondary ele 
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if tages are cascaded and the photoe lectric current 1s an 

ed million-fold. Sinee this is accomplished within the 





rFESTING 
tluded trom pade 
i ] | + araty “er t] , lu 
Special esting apparatus for many other mdu 


purposes were developed in the past ten years. Cer 
Scientific brought out the Cenco-Menzee Cement So 
ness ‘Testing equipment lor testing structural cen 
ind a special photelometer for determining particl 
and surface area of materials of sub-sieve fineness. ‘] 
liabue has introduced the Tag-He ppe nstall Mois 
Meter for determining the moisture content of gr 
inother one for determining the moisture in tob 
i gager’s test set. and an alecoholic-content ebulliom 
Che instruments and machines discussed in the 
ceding paragraphs are largely designed for perma 


installation in industrial testing departments. Occas 


lly it is necessary to take the testing equipment ti 


job rather than bring the material 


to the laboratory 
outstanding example of this is the Sperry Detector ¢ 
equipped with electrical at Vices which record de fect 
rails as it moves over a railroad track. Another Sp 
product is the Gyro Track Recorder by which a gray 
record of track irregularities under full impact of 
train load, and the riding qualities of different type 
motive power and equipment, may be made. 


This is but a brief outline of a few development 


) 
the testing field in the last decade. An atte mpt has b 
made to touch on a few wide lv se parate ds tie Ids in ord 


; ] 


0 show that testing is now being done in everv lin 


work. Nothing escapes the testing engineer: evervt! 





we eat or wear or use for our pleasure or our work cor 
under his eve. Standardization is the goal... and th 
in may lie a danger. ‘Too much reducing to fixed ] 
cedures mey h umper the development of new ideas 


+] ] ] , 
ct as a adrag on the wheels of progress 








ts Accurate Analysis of Fine 
... Since 1825 Powders by Fractionation 


} 


"World’s Standard waning tine a 
iz Any number of size fractions may be obtained, with size limits as 
oO close as desired, the smallest fraction conveniently secured bein 
> 0 to 5 or 0 to 3 microns, depending on the density of the material 


@ Percenta 
weight of diftere 
fractions is dup 
cable to 0.5 


Universal, tensile, compression, impact, torsionai, 
transverse, hardness—whatever your testing re- 
quirements—it will pay you to consult Riehle 
engineers. For more than a century, Riehle has 
built testing machines, standard and special, Secon 
from 10,000 to 3,000,000 pounds. Designed with 


true craftsmanship, dependable and simple to 


Gypsum 
Magnetite 
Flint 

Feldspar 
Diatomite 
operate—recognized as standard the world Metal Powders 
Organic Dyes 





over for accuracy and sensitivity. We invite ‘eit 
Talc 

you to put your testing problems up fo us. slice 
Carbon 
China Clay 


Mineral Fillers 
Wood Flour 


Pigments 








RIEHLE “ate” DIVISION 


Write for 
American Machine and Metals, Inc. 


Descriptiv 
Bulletin 
2055-D 


AMERICAN INSTRUMENT CO., Inc. 


100 Sixth Avenue New York,N.Y. 
“ONE TEST IS WORTH A THOUSAND EXPERT OPINIONS” 


8010-8020 Georgie Ave Silver Spring, Md 
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LABORATORY APPARATUS 
(Concluded from page 


MISCELLANEOUS 
step forward, based on little things but saving time 
ratus cost, has been the ippearance oft extensive lines 

. burettes, extraction flasks, bottles, stopcocks, ete., both 
ex and chemical resistant grades of glass, all with the 
tape r’ ground joints which permit parts to be inter 
ed ithout regrinding. One manufacturer Is supplying in 
e line of these with metal-coated plugs 
lena Glass Works has developed a new type of precision 
ss tubing of various cross-sectional shapes, with the 
dimensions kept within a tolerance ot ~O.001 mm 
d, square and hexagonal cross-section tubes are stock 


to 50-tawm 


ith inside dimensions of 0.5-mam. minimum 
] 


um. Manv are in daily use in colorimeters and pill com 


rs of the Hellige type 


tion has been advanced by the Jena Glass Works of 
& Genosen developing highly kali ind acid resistant 
nd using it in their special fritted glass filters. These 
mn be had in six different porosites for use with most 
itate Special colored filter disks are ilso available to 
for use with colored precipit ites \ complete line of 
ic ipparatus in regular and microchemic SIZES i 


ilable from stock 


ldition to general-application instruments, there have 
eloped many designed for specific industries, such 

ear ind ibrasion testing machines for rubbe r, textiles, 
uers, electroplating, leather, ete.; apparatus for measur 
aT vlare, opacity, Porosity ind stiffness ot papers Cover 

er of paints; drying time of varnishe dlielect ric 

nt of insulators: gum forming tendencies of gasolines: 

ticle size inaly yer for cements, plgments ind the like; 
G-FE lamp shade mercury vapor detector, and the me 

iometers for determining aleoholic content. Sore ire no 

covered in the “Industrial Testing” article. This article 


discussed only a few high-lights in a field crowded with 


resting Innovations \ real tribute is due those who de 


d the instruments which made possible this Decade of 













DR. B. LANGE 


MULTIFLEX 
GALVANOMETER 
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june Multiflex Galvanometer is a mirror gal 
vanometer in which illuminating apparatus, 
light pointer, scale and shunts are assembled in 
one housing. By multiple reflection from four 
mirrors a light ray of 1 m length is reflected in a 

using 9” high. 

Sensitivity from approx. 2 x 10°° A p/div. to 1.5 
x 10" A p div. Internal resistance from approx. 
60 Ohm to 5000 Ohm. 


Particulars on Re quest 


Pfaltz & Bauer, Inc. 


EMPIRE STATE BUILDING, NEW YORK 











Announcement 


VOLAND & SONS, INC., 


NEW ROCHELLE, N. Y 
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WRITE TO THE ABOVE FOR FULL INFORMATION 


( om ple le Copy of Catalog K Will Be 


, 
Sent upon Request 

















The EPPLEY 
PYRHELIOMETER 





For the determination and recording (with suitable 


auxiliary apparatus) of the intensity of 


SOLAR RADIATION 


Write for descriptive bulletin I 


EPLAB 
THE EPPLEY LABORATORY, IN¢ 











INSTRUMENTATION FORUM 


PROBLEMS —SOLUTIONS — DISCUSSIONS 








DECEMBER PROBLEM (No. 13) EDITOR'S NOTI 

DUST CONCENTRATION cript s submitted 
Paper firm seeks method of determin 
ing “concentration of finely-divided so- 
dium sulphate and sodium sulphite dust 


ted 


mixture in our stack discharge gases. 
“> PRIZE DISCUSSION 


5 ee BUMGARDNER . omp lic ited by temper rature ind 
Jpeg Pret t Kad 


, it iT tlons, 
DETROIT, MICH “ 


e inquirer: paper-mill stack 


niable muxture and the prob 


corrosive agents, etc 
power plant STOKE 
first thine in Instru 
Forum problem remains un 
m the closing-date. It is not 

he Inquiring firm IS among the 
largest: has excellent engineer 
departments in its m nv plants and 


ifs) hore ottice 








PROBLEM No. 15 Subject Index 2.06 


RADIATION MEASUREMENT 
Government Ceramic Engineer desires to run accurate heat balances on 
small kiln, seeks method of determining heat radiated from shell; states: 


‘There are as many methods of measuring shell temperature as there are 
experimenters.” 


Five dollars will be paid for every solution (or critical discussion clearly point- 
ing the way to a solution) which is accepted for publication. Address Instru- 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, on 
one side of paper. Draw diagram in black ink on separate sheet. Mail before 





Edwin F. Ripley 
Ripley, New York Kep ri 
The Instruments Publishi: 
, died of a heart attack on the ey 
of December 27, 1937, at his hon 
ist Orange, N. J. Born in Malde 
s., In 1878, Mr. Ripley was for maz 
issociated with business and iy 
dustrial publications. He had been repre 
senting /nstruments and The Instrume 


Vaker since 1933 





Alfred G. Moon 


Alfred G. Moon, General 
Mechanical Laboratory, Atlantic Refin 
ing Co., Philadelphia, died December 9, 
1937, at the age of forty-six. Long 
friend of Jnstruments he was the author 
of the two notable articles on Organiz 
ing Plant Instrument Services in our 
December 19385 and January 1937 issues 


Foremar 





Herman Diederichs 

Herman Diederichs, Dean of Engineer 
ing, Cornell [ niversity, died August 31, 
1937. Born in Germany, he came to the 
United States in his youth, graduated 
in mechanical engineering at Cornell it 
1897 and taught there until his death 
He was a kind and wise friend of Jn 
editor. M iny readers use his 
excellent text “Engineering Instruments.” 


struments 





Feb. 15. Solutions and discussions accepted will appear in March, 1938, issue. 





SUPREME 
ACCURACY 


lies at your finger-tips when you 
have a set of Johansson Gage 
Blocks handy. Your work can 
have no greater precision than 
the instruments you use for 
measuring. Don’t handicap 
yourself with anything less than 
the best—when the best Is so ac~ 
cessible. Sets come with from 5 
to 81 blocks—$26.50 to $295. In- 
dividual blocks are priced as low 
as $3.50. Write for Catalog No. 11. 


JOHANSSON 


GAGE BLOCKS AND ACCESSORIES 


Manu fac ture d and serviced in the 


United States by 


FORD MOTOR COMPANY 


Johansson Division Dearborn, Michigan 
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